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PREFACE. 



Two years have elapsed since the Ninth Edition of 
this book was issued. During this time the contents 
have been thoroughly revised and much new matter 
added. A number of new sections will be found in the 
lists, especially large beams aad angles. 

The text and tables have, as in former editions, been 
very carefully prepared under the supervision of Mr. 
James Christie, and we trust may be of value to all 
who have occasion to use the products of the Pencoyd 
Iron Works. 

A, it P. Roberts Company. 

Pkn«ivd, Pa., February 16, 1898. 
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Rolled Shapes of Steel. 



PART 1. 

TABLES OF DIMBITSIONS. 

t lithogrupbs and following tables give ttie priucipul 
ttions of the standRrd ^hape? of structural steel rollud 
eoyd. 

'a and channels are rolled of the sizes and weights 
1 the lithograpiia and tables. The weights vary for 
^r aises hy 5 ]>omids per lineal foot and 2J pounds 

smaller sizes aa low as ^ inchca. The standard mi> 
': beaniB and channels have a uniform flange bevel of 
B to the foot. 

can be rolled of any thkknesB between nunimum 

dmnm. Weights corresponding to the principal 

iate thicknesses are given in tables on pages 8, to 
[3. The lega of angles may increase slightly in length 
hicknoas increases. ThisEonietimes causes angles of 
to vary from the calculated weights. There- 
lers should specify either the desired thickness or 

er foot, but not both. 

idoDB cannot be altered from the standards as given 

and lithographs. 
'ei|^ta of all rolled sections are for steel only, which 

lie exclusive product of these works. The tahlcB are 

lated on a basis of 489.6 pounds per cubic foot, or 
sectional area in square intl\ea ti^uia 'ftia 

If loUed material in pouiida pet \w\«bM(w\,. 
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11 


».. 


i 


1! 


li 


■1- 

u 


«a. 


j 


M 
^ 1 


330A 


3 i3 


■4 


4J 


1.44 


220A 


2 i2 


1^ 


2.5 


831A 


3 i3 


A 


6.1 


1.79 


S21A 


2 i2 


"k 


3.2 


332A 


3 13 


% 


7.2 


2.12 


222A 


2 i2 


A 


4.0 


333A 


3 i3 


A 


8.3 


2.44 


223A 


2 i2 


% 


4.8 


334A 


3 i3 


<<. 


9.4 


2.76 










335A 
336A 


3 xS 

3 i3 




tO.4 
11.5 


3.06 
3.38 


175A 
176A 


1^1 11, 


ft 


2.1 

2.8 


275A 
276A 




■4 

A 


4.5 
5.5 


1.32 
1.62 


177A 
178A 


1^11% 
1*4 I 1^ 


ft 

% 


3.5 
4.1 


277A 


7fitx2Pu 


* 


6.a 


1.94 










278A 


2i^i2^ 


,^ 


7.7 


2.28 


150A 


Iti I 1^2 


% 


1.2 


270A 


!\x2!\t 


■4 


B.B 


2.53 


151A 
152A 




^4 


1.8 
2.4 


2S0A 
251A 




A 
■4 


3.1 
4.1 


0,91 
1.21 


153A 
154A 


I'll . 1'4 


ft 
% 


2.9 
3.5 


252A 


Z^iPii 


A 


5.0 


1,47 










253A 
254A 
255A 






S.9 j 1.74 
6.9 ; 2,03 
7.a j 2.29 


125A 
126A 
127A 


1\ I 1-4 

P4 . 1-4 
114 X l\ 


ft 


:.o 

1,5 
2.0 


225A 


2^x2% 


A 


2,7 1 0.79 










22BA 


a-i.zi^ 


^4 


3.6 1 1.0a 


llOA 


1 il 


H* 


0.8 


2ZrA 


«|,i2>4 


A 


4.5 1.32 


lUA 


1 il 


ft 


1.2 


228A 


ffl4.2^ 


% 


5.4 


1.59 


112A 


1 .1 


'f. 


1.S 



Hie ienglb of leg la noBiiD 
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PRNCOTD AXGLB6. ^| 


UNETBN LEGS. 


^ 




— 1 


jl 


««. 


1 


la 


ll 


il 


aiMt. 


1 

£ 


in 

25,6 


11 

7.53 


seoA 


8 iB 


^ 


23,0 


6.76 


647A 


6 


i4 


eeiA 


B le 


J 


25.8 


7.B9 


848A 


6 




27.4 


8.06 


a62A 


8 i6 


% 




8.44 


a49A 




x4 


ll 


29.4 


8.SS 


883A 


8 .e 


l1 


31> 


9.32 














864A 

a66A 

seoA 
sesA 


8 xe 

8 i6 

a x6 
8 le 

8 i6 


1 


33,8 
36.6 
39.5 
42.5 
45-6 


9.94 
10.76 
11.63 
12.50 
13.41 


630A 
B3iA 
632A 
633A 
634A 


6 
6 


Ik 


1 


11.6 
13.6 
15.5 
17.1 
19.0 


3.41 
4.00 
4.5S 

6.03 












essA 


e 


i3'*j 


20.8 


e.ia 


730A 


7 13^, 


\ 


17.0 


5.00 


636A 




x3Vj 


22,6 


6.65 


731A 


7 x^ 


? 


19.0 


S.59 


637A 




±34 


! 


24.5 


7.21 


vasA 


7 i3>t 


% 


21,0 


6.18 


essA 




x3i^ 


26.5 


7.79 


733A 


7 la-,!. 


« 


23,0 


6.76 


6a9A 


6 


x3'^ 


28.6 


8.41 


73*A 


7 xa>^ 


24.8 


7.29 














735A 
73eA 
737A 
73SA 


7 xS-l 


1 


26.7 
28.6 
30,5 
32,5 


7,85 
8.41 
8,97 
9,56 


500A 
501A 

soaA 

503A 
504A 


5^** 

ti 
i^ 


x3\ 

ifi 


1 


11.0 
12.8 
14.6 

16.2 
17.0 


3.21 ' 
3.7fl 
4.29 
4.78 

6.2B 


650A 


61*114 


% 


12,9 


3,79 














esiA 


^i4 


i 


15.6 
















e52A 


61^14 


17,0 


5.00 


540A 


5 




% 


11.0 


3.21 


eS3A 


S>^i4 


i 


1B,0 


5.69 


541A 


5 




1 


12.8 


3,78 


654A 


6<^i4 


21,2 


6.24 


&12A 


5 




i4.a 


iJB 


655A 


6>^.4 


jl 






543A 


5 




16.2 


4.78 


^A 


6Cx4 




25!6 


7!53 


541A 


5 




17.9 


5.28 


657A 


ff^xi 




27.8 


8.18 


545A 


5 




li 


19.6 


5.78 


6S8A 


Si^i4 


it 


29.8 


8.77 


546A 


5 




21,8 


a28 


659A 


6^x4 


31.9 


9.38 
























510A 


S 


3\ 


A 


8.7 


2.5S 


640A 


e x4 




12.2 


3,59 


SUA 


5 


.3'.j 


% 


10.3 


3.09 


MIA 


e i4 




14.3 


4,21 


512A 


5 


x3'^ 


f- 


12.0 


asa^ 


, 642A 


6 x4 




16.3 


4,79 


513A 


5 


3"^ 


1 


13.6 


4.n 


' e43A 
- 6MA 


8 x4 




18.1 


5.32 


514A 


S 


a"! 


lS-2 


4.4T 


6 i4 




20.1 


5.91 


515A 


5 


3'^ 


'i 


16.8 


4.M 1 


646A 


6 i4 


1 


22.0 


6.47 


SIBA 


5 


S<ii 


s; 


18-4 


5.41 


S46A 


e i4 


23.8 


7,00 


517A 


5 


3< 


20.0 


5.88 1 


ISb Imigth or leg f» nominal, nad camot, obIt foi iHuil lliU^tHBaa. 
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PENCOYD ANGF.es. 
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n inches. Wdgbt In pounaii. 1 


11 


Si^ 


1 


|« 


1 


Si 


,. 


1 


iu 


H 


530A 


5 i3 


A 


S.2 


2.41 


310A 


3ilii2ife 


I 


4.B 


1.44 


531A 


5 i3 


% 


9.7 


2.86 


311A 


3% I 2'^ 


6.1 


1.79 


53aA 


5 i3 


^ 


11.2 


3.2s 


312A 


3hU2^ 


7.2 


2.12 


633A 


5 x3 


1 


12.8 


3.76 


313A 


S^i X 21^ 


i' 


8,3 


2.44 


534A 


5 i3 


14.2 


4.1a 


314A 


3Ht I 2\ 


9.4 


2.76 


535A 


5 i3 


15.7 










1 


,1 53aA 


5 i3 


17.2 


5^06 


31BA 


3\ I 2 


1 


4,5 ,1,32 


a 537A 


5 i3 


18.7 


5.50 


317A 
318A 


3\ I 2 
3H2 I 2 


5.S 
6.6 


IM 


1 "^^ 


i-i.a 


4 


7.7 


2.26 


325A 


3 i2\ 


J. 


4.5 


132 


T 451A 


4>i!ii3 


9.1 




32eA 


3 1 2^ 




5.5 


l!62 


' 452A 


■">*? 


4 


10.5 


3.09 


337A 


3 x2^ 






1-94 


453A 


4'(ji3 




11.9 


350 


328A 


3 i2Hi 




7> 12.26 1 


4MA 


4^13 




13.3 


3.91 








8,7 2,56 


4S5A 


41^ X 3 




14-7 










1 


456A 


411, 1 3 


1 


16.0 


4!?! 


320A 


3 i2 




4.1 


1.21 


. 457A 


41U13 


17.4 


5,12 


321A 
323A 


3 i2 
3 i2 


1 


5.0 
5.9 


1.47 
1.74 


ri 410A 

H 4nA 


t m 


1 


7.7 
9.1 


2.26 
2,68 


323A 
324A 


3 i2 
3 i2 


t 


6,9 
7.9 


2.03 
2.32 


n 41ZA 
H 43A 


I v^ 


1 


10.6 
11.S 


3.09 
3.50 


200A 
201 A 


2'^ I 2 
2i;jx2 
21, 1 2 


1 


2.7 
3.6 


0.79 
1.06 


H 44A 


i i3\ 


ii 


13.3 


3.91 








H !!^ 


i ^B' 


S 


14.7 




203A 


5I4 


l!59 


46A 

417A 


i 13^ 

4 TSife 


i 


1S.0 
17.4 


4.71 
5,12 


204A 
205A 


2'<'x2 
21^2 


6.2 
7.0 


1.82 
2.06 


430A 


4 i3 


f 


71 


2.09 


2oeA 


2V4 X 1\ 


1 


2.3 i0,68 


431A 


4 i3 


sis 


2.50 


207A 


21^ X iH^ 




43ZA 


4 i3 


g.s 




308A 


2\ I J% 


3.7 1,09 


433A 


4 i3 


1 


11.1 


3!26 


209A 


2\ X 1\ 


4,4 il,29 


43U 
435A 


4 i3 

4 i3 


12.4 
13.B 


3-65 
4.08 


215A 
216A 
217A 


2 ilVj 
2 X I'ii 


ft 


Zl i062 
3-9 .0.85 
3,6 1,06 


2 X l\ 




3D0A 


3>4i3 


i^ 




1.94 


2 ISA 


2 XI.4 




4.3 1.26 


aoiA 


31413 


7.8 


2.29 




* 




S02A 


3%x3 


1^ 






210A 


2 xl% 




1,9 0.56 


303A 


3^13 


10.3 


3,03 


211A 


2 xl-^ 




2.6 |0.76 


304A 


^x3 


4 


U.6 


3.41 


212A 


2 xl^ 




3.3 ,0.B7 


305A 


^.3 


12.9 


"• 


213A 


2 xl-* 


% 


39 


..sy 




/IqtI«DOU. 


ail, sDd eurtenl Qulj loi \eBiA, vUo^'a 









PENCOTD AITOLES. 1 




SQUASE BOOT ASOhES. 


> 




^'^"""' '^js^*^^'^'^' ''"^ 


i 


^ 1 1 


A 1 a 1 .'» ) 


ft 


i 


H 


i 


i 




'S. 




.125 


,lff75|.g5 


3125' .375 .4375 ,50 


5625 


.625 


6875 


.75 


.8IS 




40A 


4 14 










9,8 11.4,13.0 


14 fi 


IfifJ 










35A,31ia 








71 


8.5, 9.911.' 




















I.H 


H.I 


7? 


8.:i 9-^ 














28A2JKa 






I.S 


fiK 


«■; 


7.. ; 8.1 














2SAaliZi 






11 


51 


fii 








































































ISA 13 ill 






.^d 


.HH 


4^ 






















LtO 


1^4 


30 














































lOAl xl 




i-ie |i^ 




















ANOI^ COVEK8. 


$ 








I 


in 




1 


All 


A| il A 


i 


A 


s li 


i 


i 




A 




.125 


.1B75J.25 


3125j.375|.4375 


.50 


.5625 


.625 ,6875 


.75 


.SIS 










qs 






































Z6A2lt2. 




3.0 '4-0 


5.0 ■ 6,0| 7.0 


HI 


















Z,6 3.5 


4.4 5.3 




















2.4 |3.2 


4.0 1 4.8) 














BPECIAI. AMOLE8. 


! 




JsiitMina f» JneA«. 


* 


A 


1 


A 


1 


A 


J 


ft 


i , H 


* 


i 




« 




.125 


.1875 


.25 


3125 


.375 


.4375 


.50 


.5625 


.625 .63751 


.75 


* 




iffflR 


r-n 






*.2 


5.3 


fl.4 


















415S 




■±a 


1^ 




















1 


































1 
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PENGOTD DECK BKAHS. 



^^1^ 



Thickaai c/ Wtli, b 






A K A % H 



30.2 

I 

1 .arra 25. 

■ .343 ZL. 

3 4.2S .343 13.0| 18. 

J 175; .312 14.5 14.5 15. 

I I , 
J 3.25 .312 11.511.512 5 13. 



32.3 34.4 36.5 38.6 



21.& 2ao: a 

18.3 19.6 
.6 14.7i 15.8 



PENGOYD BULB ANGLES. 



10 


lOO.A. 


.™ 


.500 26.2 








28.2 29.2 


32.2 


35.2 38.2 


.021 


B 


90.\ 


100 


.469 22.9 








24.3 27.0 


29.8 


32.5 


.023 


8 


BOA 


150 


.438 19.1 






1..1 


21.& 


23.9 


26.4 




.026 


7 


70A 


3.50 


.Ji.,J 




17.^ 


19.6 


2i.a 






.028 


e 


6DA 


3« 


,35. ,3,3! 


13.8 


15.8 


17.B 








.031 


5 


SOA 


3..0 


.312 10.1 101 


11.8 


13.5 










.037 



PBNCOYD TEES. 

For deudla Me Htbognphi— PIM« N«. 13, 24, 2t ud so. 



EVESTEXB. 






HUoU 






2^i2itt 



f'J 



MISCELLANEOUS SHAPES. 



Heavy Rail. 

Floor Bars. 



illlft".? 



^^^JZES OF PENCOYI> DARS. 


^ 


^^^^h 




^incheito 1^ Inches. 


2^ 1 1% inches to 2 inches. 




fk ■■ % 




2^ I -4 ■■ 1-% ■' 




IS. " 1 ■ 




2A>1'^ '■ 2 ■■ 




\ ■■ 1 




Z^x % ■' 1% ■■ 




t " 1 




2\i \ •■ 1^ ■■ 




■«. '■ 1 




2^x ^ '■ \ ■' 




1, ■■ 1 




3 t. \ " 2 




■4 " 1 




3^1 "4 " '/b ■■ 




% ■■ 1 




34,1 ^ '■ T-y '■ 




H ■■ 114 




4 1 -4 " Z% '• 




16 '■ 1 




4H^x t, ■' \ ■■ 




H ■■ It 




S . Jy ■' ailj ■' 




■4 " 1'4 








■4 ■' 1>4 




7 X "i, " 2Hi ■' 




^ '■ It 




3 I \, " 2>ij '■ 




% ■■ m 




9 X ^ ■■ 2<n ■■ 




% ■■ 1% 




10 1 14 " 2^1 ■■ 




H " It ■■ 


12 . "4 " 2^j ■■ 




ROUNDS. 


SQUARES. 


1 * 


■ 




k lA. 1=4. lA. 1%. lA. 
.i%.i'!i.i%.a,2t.2"4. 

.Kb.iBl.Z't.S.St.SWl. 
,3%.»4.!%.4.'lt.l^<. 


1%. X%I 2,%. 34. ^. 24, »^. 
2^. 2?a. 3. 3t. 31. ^. 3t. 3%. 
i\, 47^, 5 inches. 




l.«|,.n.<%.5.!fti.5t. 






^,7 inches. 


RIVET SIZES. 

«, 1 . It, H, H, !!, HI, 1!. 




lALP HOUNDS. 


H.li, l,,«t,»i,ll,»t,li,ll, 

lA. i; , Ift, IH, Itt inches. 








r.%.H,%. H.%. 11. 1. 


BOLT SIZES iVth Full. 




. 1%. It. 1%. 1% 4 ZV 


I. f,. S,ilV,V\V\.\\A.'<« 


Pjt ^ ^ inches. 


l<.,U,v-(,.^\«.«>»- g 


^^^ . J 
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OPEN-HEARTH STEEL AXLES. 

Axles for locomotive and car service are made at } 
of open-hearth steel, to conform to either the drop 
chanical test, as may be required. 

The results below, taken as an average of a number c 
represent the quality of material used for this purpos 

TRANSVERSE TEST. 



Number of 


Diameter of 


Diameter of 


Weight of 


Height of 


Nu 


Axles. 


Hub Seat. 


Centre. 


Bam. 


Fall 


J 


14 


5i 


H 


1G40 


29 




26 


5A 


4f 


1640 


25 





TENSILE TEST. 



• 


Elastic 


Ultimate 




Reduc 


04 


Limit. 


Strength. 


Elongation. 


Ai 


^H 










«M 










o 










S) 






In 2". 




► 


45320 


79230 


22.7^ 


3^ 


< 











The blooms are worked at a single uniform heat, 
heavy hammers, to the finished forging. Locomoti 
passenger car-axles are furnished rough-turned throii 
those for freight service, with journals forged and 
turned. 

The process of manufacture thus indicated produce 
of the highest standard of excellence. 



IG 



STRUCTURAL STEIiL. 

The Htrength of atrQctQial steel depends largely on 
aiuoiiiit of the coiistitueiit elementa that are ussoeiuted w 
the iron, and each of which nil'ect more orlesa the hurdnesa 
and strength of the metal. 

The principal of these am carbon, manganese, eilicon, 
phoBjihorua and sulphur, the first-named lieing purposely 
retained as usefiil or necessary, the others being rejected, at 
far as practicable, as objectionable wlien in escess of certain 
■iiiTtute projiortions. 

The graile and eharacter of the steel is usually known by 
the peraentage of contained carbon. Htcel used in struc- 
tures usually varies in tensile strength froju 55,000 to 70,000 
lbs, per square inch of section , or from .10 to .25 per cent, of 
carbon, 

The following table exhibits the physical characteristics 
of Oiien-Hearth Basic Steel of the various grades, the results 
derived from an extensive series of tests indicating the ten- 
' doncy of a total average of the conipoRitioii hereafter de- 
scribed to approxiuiate to the fi^-ures given in table. 
The prwlorainant elements other than carbon averaged 
I throughout the seriee ae follows : manganese, .40 ; pbos- 
sborue, .01 ; sulphur, ,05 per cent. Any increase of these 
""fain is attended with an increase of tensile strength 
nbced ductility, and vice versa. The tensile strength 
_ ^ . iel ia also affecteil to some extent by the tenipera- 
nlffftt which it is finished, and the rate of cooling, these 
F infiaencea being more ap[>areiit in the grades containing 
1 highest carbon. Therefore the values given have only i 
I general eigniflcance, and individual tests may vary widely 
above or below the figures in the table. 

For Bessemer or open-hearth acid process steel, the ten- 
sile strength will ordinarily he greater for the same ] 
centage- of carbon given in this table, for the reason that 
the proportions of phosphorus and sulphur, and sometimes 
tnonganese, are usually higher than in open-hearth basia 
steel, each of these elements contributing to 8tren¥,tb. woi. 
1 hardnese in the steel. 






OPEN-HEARTH BA.BIC BTBEL. 



^ 


jwrS(wa"7-«A. 


Vucmini. 






SlrailUa 


BeiitiM 


THlf 


« 


Slrim-rlh. 


UmU. 








.08 


54000 


33500 




60 per 


rcnl, 


.09 


54800 


33000 








.10 


55700 


335O0 


31 


57 






56500 


34000 


30 " 


56 
















.13 


58200 


35000 




54 






58100 


35500 


29 " 


53 
















.16 


60800 


36500 




51 




.17 


61600 


37000 


27 


SO 






02500 




27 " 






.19 


63300 


38000 


26 " 


48 






64200 


38500 


26 " 


47 
















,22 


65800 


39500 


25 " 


45 






66600 


40000 


24 


44 
















.25 


68200 


41000 


23 •' 


42 





For coaveaienl diatiiiguishiDg terms, it is customary to 
claeaif; Bt«el in three gradea : " mild or soft," " nibdium." 
and "bard," and although the different gradee blend into 
each other, so that no line of dietinction exists, in a general 
sense the grades below .15 carbon may be considered as 
" soft " steel, from .15 to .30 carbon as " medium," and above 
that "hard" steel. Each grade has ita own advantages for 
the particular purpose to which it is adapted. The soft steel 
is well adapted for boiler plate and similar uses, where its 
high ductility is advant^eous. The medium grades are 
used for general structural purposes, while harder steel is 
especially adapted for axles and shafts, and any service 
where good wearing surfai^es are desired. Mild steel has 
superior welding pnn>erty as compared to hard steel, and 
nriii nnflTirB l| ji;lii;'' 'jg"'- without Injury. Steel below .lOcar- 
of doubling flat without fracture, 
a red heat in cold water. Steel <di 
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I .15 carbon will occasionally eiibtnit to tlie same treatment, 
I but will usually hemi around a curve whi>se nuiiua 'm equal 
I to the thickueaa of the Bpecimen ; about HO per cent, of 
I Bpecimens stand the latter bending test without fracture. 
I Aa the et«el becomes harder, its a>)iUt)' to endure thia bend- 
ing test becomes more exceptional, and when the carbon 
ratio becornea .20, httle over twenty-five per cent, of Bpeci- 
mens will stand the laat-described bending test. Sh'el hav- 
ii)^aboat.40per cent, carbon will usually harden auMciently 
to cut soft iron and ualtitain an edge. 
BLASTICITT. 
As the material elonh'atea or shortens under strt-aa, the 
cliangi.1 of leuyth is diriH'.tly proportionata to tbe stress, and 
tbe material recovers its original length after removal of the 
BtrcBS, until the elastic limit is reaehed, when cliaugea of 
length are no longer regular and permanent set takes place, 
3r the destruction of tbe material lias begun. 

In good material the stress at elastic limit, for either ten- 
sion or compression, ia uaually abont six-tenths of the alti- 
mate tenacity. 

The ductility, under tensile stress, is usually measured by 
the total elongation in a given length, or by the percentage 
of reduction of the fractured area, or by both. 

The elasticity is measured by the change of length under 
stress below the clastic limit of the material. The elasticity 
of tbe various grades of st^^el are practically uniform, tl 
is, each material will exhibit a uniform change of length 
under uniform stress below the elastic limit; but, as l~ 
elastic limit of the higher grades is greater than that of the 
lower or softer grades, the former will elongate or shorten to 
agreuter extent than the latter before ite elasticity is injured. 
Tliia property is expressed by a modulus, which for either 
material will average about 39,000,000 Iba. That is, if the 
change of length could be extended sufficiently, it would n 

Iijuire 29,000,000 lbs. per square inch of section to double the 
original length under tensile atniin, or to shorten the lenj 
one-half under compression. Therefore, ateel will extend or 
pborten sTnnr'acBTr partof its n«rmii\ Yen^V.tw e'i'er^ -^ 
per sectional inch in change of \oad. 



RESILIENCE OF STEEL. 

Resilience is the amount of work done to pradu^^e a cer- 
tain defocuiation iu material. It is usnally meaaured in 
inch-pounds. The total resilience ia the work done in cauB- 

; rupture or maximum deformation. The elustic K^i\- 

ice IB the work done when the material ia etruined to the 
elastic limit. The work done by a load applied (gradually, 
up to the elastic limit, ia equal to one-half the product of 
the final Btreea, by the extension, or other deformation. 
Above the elastic limit the ext^naimis increasing io a 
greater mtio than the loads, the work ia approximately 
equal to two thirds of the product of the iiiaximnm strei^s 
by the extension. Wlien a load ia applied instantaneously 
iiitary elastic deformation ia twice that resnltiug 
from the same load applied gradwally. If the load la 
applied with percoasion, the work is denoted by the product 
of the weight into the total fall. 

The modulus of elastic resilience, is the work done on one 
cubic inch of material by a load gradually applied to the 
elastic limit. 

Modnlu, of elm,i „,il,u.ce - 1 'l"'!:-" '""Uo j""/!'. 
Moiulua of Liaslii'ity, 

o lulus of elastic reailience X vol- 
ume of material id cubic inches. 
Taking 3 grades of steel — mild, medmm and bard— and 
aacertaiuing their respective elastic limits to be 3ii,00f), 
45,000 and 55,000 lbs pir square inch of section, and each 
grade having equal mo luh of elasticity say 29,000,000 lbs. 
The modulus of elastic resilieni.e 

For Mild feteel ^ 21.1 inch-pounds. 
ForMediumEteel = 34.0 " 
For Hard Steel =52.2 " 
Similarly the elastic resilience per cubic inch, or modulus 
of resilieiiee of a rectangular beam supported at both enda 
and loaded at the middle, ia 

BS onextreme fibrea a t elastic limit . 
Modulus of Kiasticity. 



r elastic resilience = 



EXPANSION B7 HBAT. 

Soft Bteel or iron will extend about ts^iv P^rt of its 

length for each degree F. of elevation of temperature. For 

a. variation in temperature Of 100 degrees P., the change in 

length will be about one inch in 125 feet. 

SPECIFIC OHAVITT. 

The speciflc gravity of steel vnriea according to the purity 
of the nietttl, and also accoi'ding to the degree of (.■omlenso- 
tion imparled hy the process of rolling or forging. 

Ae a nde, mild rteel has a, hitcher specific gravity than 
hard Bteel, and both are lower than perfectly pure iron, but 
nbout two per cent, higher than ordinary commercial iron. 
Stmctural steel In comparatively small sections having the 
Mmposition denoted in the previous table of tensile strength, 
]iA9 the following speciflc gravity, corresponding to given 
carbon ratio : 



OBiw, At etnl. 


Specific Grtt\'ili,. 


"'^'''iJ%Ztt ■^ 


.10 
3D 


7.880 
7.858 
7.866 


489.92 
489.80 
489.67 



In the form of rolled beams and largest commercial sec- 
tkine the weight will be slightly less than this. 

The titblea in this book are all calculated on a basis of 
489.6 lbs. per cubic foot, or ihe sectional area in square inches 
mnltiplied by 3.4 equals the weight iu pounds per foot. 
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Tables for Pencoyd Beams. 
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Tub following tablea for beams give the greatest eafo Ic 
in iiettoiiH, evenly tiiatributed, including the weiglit of the 
beam. The results are obtained by the methods described 

1 pages 182 to 187, and correspond to an extreme fibre 
stress of Hi.OOO lbs. per aquftre inch of section, or approxi- 
mately about ono-lialf the elastic limit of Ihe material, pre- 
suming thnt steel of the milder gradea \e used. 

LIMITS FOR THE BAri! LOAD. 
These loads are given as the greatest safe loads, and the 
beams are entirely reliable for them under ordinary coi 

For the loads given in italics in the beam tables, the web 
of the beaia should be atifiened at the end to prevent crip- 
pling, or the load should not exi;eed that calc^tilated by the 
formula for Maximum Load in Tons given on page 187, and 
in the Tables of Elements of the several sections, pages J88 
to 203. 

If, however, the conditions of the service involve the 
introduction of forces not considered in the tables, the 
character of the load must be considered , and the mode of 
application uf tlie same. If the load is suddenly applied, 
especially if accompanied by impact, the resulting dyna 
Btresses will not be expresed by formnlie which are derived 
from static consideration alone. Freedom from vibration, 
or excessive deflection has usually to be provided for, c 
the beam may be of considerable length without lateral sup- 
port. In many such cases it may be necessary to take 
smaller loads for beams than those given in tables. 
general,'the following limitations of the tabulated safe loads 
n-j'JJ b« proper tor the specified conditions : 



Qaiescent loud, Eubiect to little vibration, j 

as in ordinary noorB, etc., eapecially 

where beam s are ehort. 

Fluctuating loads, causing vibration, e^ 

ciall; if the beams are long as ci 

parM to t licir depth. 

When loads are suddonly applied n 

aliglit impact, or exposed to vibration 

from msichinery or rapidly moving 

The beams, if of considerable length, are supposed t 
braced horizontally, and it is safest to limit the application 
of the tabular loads to beams whose lengths between lateral 
anpporta do not exceed twenty times the flange width. 

Our experience has been that a beam without lateral sap- 
port is more stable than is commonly supposed. In an 
open-webbed beam, the top flange acts as a simple strut, 
and is Uable to lateral flexure when the unsupported length 
isiderable. But in a solid beam the parts in tension 
sustain the parts in compresaion, and prevent the buckling 
which would otherwise oi 

Experiments have shown a reduction of about one-third of 
the normal modnluaof nipture when the length of the beam 
becomes 80 times its flange width. But as the long beam may 
suffer if exposed to accidental cross strains, we recommend 
the greatest safe load to be reduced in such a ratio for long 
beams that when the length is seventy times the flange width 
tlie greatest safe loads will be reduced one-half. This wilt 
give safe loads, corresponding to given lengths, as follows : 



DEFLECTION. 

The tabular deflections are derived from tlie coeffidents 
on pages 188 to 191, as descrilwd on page 187. If the load 
on the beam is reduced below that of the tables, the deflec- 
tion will be lees than that given in the tables, in the direct 
ratio of the loads. 

The grefltest safe load in the middle of the beam is esactly 
one-half (i) of the dislribnted load, and the deflection foe 
the former will be eight-tenths {]^) of the deflection corre- 
sponding to the distributed load as given in the tables. If 
the load is placed out of centre on the beam, it will bear the 
same ratio to the load at the ceotre that the square of half 
the span bears to the product of the segments of the beam 
formed by the position of the load. 

Example. — A 15iach No. ISOBIbeam, 16 feet between 
anpports, will safely carry an evenly distributed load (by the 
tables) of 1S.7 tons, and deflect under same .29 inches. The 
greatest safe load in the middle will be one-half the above, 
., 9.8 tons, and the resulting deflection -,'^ of the former, 
or .23 inches. 

If the weight is concentrated 3 feet out of centre, or 5 feet 
and 11 feet from the ends, then the square of half the span 
being &1, and the product of the segments being 55, the 
greatest safe load will be ' ,.^ — - ^ 11.4 tons. 

If a, beam of above size and length ij used without any 
lateral support, reduce the anfe load in the ratio aforesaid. 
Thus the flange is U.4 inches wide, and the length 30 times 
this ; therefore the greatest safe load will be ]^ of the resalta 
in the example. 

If beams are supported as described hereafter, tlie greatest 
safe loads and corresponding deflections will bear the given 
ios to the tabulated toads and deflectious, for the same 
length and section of beams. 



A 



||, Fixed at one end, 

the loud coutentruteil 
at the olher end. 

I HxeU at one end, with 
the load iinifornily dia- 
tribut«<l. 

iiiigidly fixed at both 
ends, with a load ' 
tlie middle of beam. 



Ine-eighth (J) part Three and c 
of the tubular lifth(:5i)iii 
load. the tabular do- 

flection. 

One-fourtb fi) part Two and two- 



form I y distributed. 



Same ae the tabu- Four-tenths (A) 
lar load. of the tabular 

deflection. 

One and one-half Three- teufhs 
(IS) times the (A) of the 
tabular load. tabular dcfice- 



One and one-half Three- tenths 
(li) times the (A) of the 
tabular load. tabular deflec- 



BBAMS WITH FIXBD ENDS. 

leams "rigidly flxi'il," as denoted In the previ 

we mean that the beam must be bo securely fastened 

K both endt^, by being built into solid masonry, oraa Uniily 

Aed to an Hdjact^nt structure, that the connection would 

« severed if the beam was exposed to its ultimate load. 

3 the beam is of the same character aa if cud- 

iT several eup]>ortti, or as if consisting of two 

raiiiiiBvers, the space between whose ends was spanned by 

»st|Kirate beam. 

CONTINUOUS BBAMS. 
. If a beam is continuoua over several Miipports, and 
y loaded on each span, the greatest Biife loads and the 



, lioing only semi continuous, nuist be either of a 
r span than the intermediates, or, it ot \.\\c «%\a« 
I, the load mast be diminished. 
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HORIZONTAL SBEARING- OF BBAMI 

In beams of very ehort spans or beams with heavy lot 
»n«M]trated near Bupports, when the bending monients n 
le suiall in compariBOii with the reactions at the suppoi 
the beams may fail by longitudinal sli earing. 

The intensity of the longitudinal ehear at any secHon 
the product of the vertical shear for that section and t 
statical moment of the section included between the pla 
of shear nnd the estreme fibres, divided by the product 
Ihe moment of inertia of the beam section and the thit 
lagf the beam at the section where the shear is con sid en 
e liability to horizontal shearing will not occur in bea. 
for the lengths and loads given in the tables. 

The followint; table gives the lengths under which bea 
i^liould be designed to resist longitudinal shear wlien ii 
fornily loaded to produce a fibre strain of 1(1,000 pounds i 
square inch, and are baat'd on a working sheiiring stress 
12,000 pounds per square inch. 



■englt 0/ ^n 



Mef Baa 



■ 

43 I 
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SFACINO AND D£FI.ECTIOH OF BBAMS. 

The proper epacrDg of beitmg dependH on tha aiuount and 

chsmcter of load and tlie length of span. Perniiesible de- 

flectiou as well aa positive strength must be considered. If 

) load is motionless, and eBpe;;ially if the span ie email 

comparison with the depth of beam, it will be safe to 

iroportion the laeama for the "greatest safe loads," aa in 

ig tables. 

the contrary, the floors are euhject to vibration, or 
the action of moving loads, and especially' if the epan is 
great in proportion to dejith of beam, it bepoinea necessary 
lo consider the deflection, which miiy become so great as to 
be a source of injury to tlie etructure. It is considered 
good practice to limit the deflection to j'n of an inch per 
foot of span, or the total deflection not to exceed jjj part of 
the epan. For I beams subjected to the loads given in the 
tables, this deflection occurs when tlie depth of the beam is 
about j'j of the span, or, approxiraateiy, twice the depth of 
the beam in inches gives thespan in feet, having a deflection 

The following tables indicate for each beam this hmita 
lion for deflection. Those in heavy type 8bo\e the dirlv 
line deflect less, and those in fine type below the same hne 
deflect more than ^^ of the span. If the spans are iin 
nsually long, it is best to reduce the deflection belon this 
litnit, and maintain the depth of the beam not less than -j'^ 
r6f llie span. It has been cleuionstrated that the greatest 
of people that can lie packed ou nay flior mil not 
weight 80 lbs. per square foot. Thp weight of 
beams will depend on the span, for which see a general 
farther on. 
Within the limits of pmctioal spans for rolled I beams, 
will be found that a floor is safe for a packed mai-s of 
lie when the beams are not strained above the " great- 
safe load" of the tables, under the following rating: 
I beam joists with wooden floor = 100 lbs. per sq. foot, 
fooden floor and plastered ceilings ^ 110 " " " 

brick arches and concrete fiiliiig = l&O " " " 



Theee figures represent the total weight of floor itself and 
the impoEed load. 

Floors proportioned as follows for given purposea will be 
eatisfactory. The weight of the material may be included 
in the figures. 



CharacUr of Floo! 



S'.'Si,i 






Sffisr 



LoadptT Sguarr FboL 



»lbs. 



RULE] FOR THE WBISHT OF FLOOR BEAMS. 

The following rule gives a. close appro ximiLtinn to the 
aetno! weight of floor beams, when the beams are propor- 
tioned acL-ording to the tables. 

Lmd per i q . fV In IIb. y iqnarcof ipan In ft. _ lbs. of beams per sq. ft. oT 

Example. — A floor of 16 feet Span bears 200 Ibg. per acj. ft., 
required the weight of floor beams if 12" beamBare used. 



To tlie foregoing must be addetl the weight of the ends of 
the beams built into the supports, or a length at each end 
about the same as at tbe depth of the beam. Tlie following 
tablegivea the weights of beams per ecinare foot of floor, for 
B. load of 100 Iba. per square foot, the beams, aa in the pre- 
ceding tables, snbjeet to a Htreas of 16,0tl0 Iba. per equare' 
inch. For greater floor loads the weight of beams increaae* 
in direct proportion. Thus, for a floor to ciirry 200 lbs. per 
sqnare foot, the weight of floor beams will be twiee that at 
the table. Also, if the floor beams are proixirtioned for M 
lower flbre stress, the weight of beams will increase in invent 

Thus, if the flbre strain allowed is 12,000 lbs, per Bquaroi 
incli, the weight of beams will be increased aa 12 to 16, (Mf 
one-tbii-d heavier than the table. 
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PENCOYD X BEAMS. 




' J.EASr WEIGHT or FLOOR BKA.HS IN I'UltND.S. 




rach >quHO r 


jol "f floor, inoliidlng ends nt BimporU, bBsed on b l.inJ i>f 
lOU pounds ]iel iquBre foot of door. 




For hetrier loadi, the vslgbU of beBms tte ptitpunlooUtlj ini^rciscd. 




Calf 


ClenrSp<,n<^BfaMsi«I^!. 


a 1 10 1 11 1 14 1 IS i IB 1 JO M 1 M 1 M 1 28 




lenil W«(g>U nf Floor Beam, in Found,. 




t" 




0.6 


0,8 


1.1 


1.4 


1.7 


2.0 


2,4 


.. 


3.3 


3. 


1 




0.7 


0.9 


1.3 


,.. 


2.0 


2.4 


2.9 


3,4 


3,9 


4.5 




( 




0.7 


1.0 


1,4 


1.7 


2.2 


2.7 


3.2 


3.7 


4.3 


5.0 




! 


0.6 
0.7 


0,8 
1,0 
1.1 


1.2 
1.4 
1,Q 


1.5 
1,8 
2.1 


za 

2.3 
2.7 


2.5 
2.9 
3.4 


3,0 
3,6 


3.6 
4.3 


4.2 


4.9 


5.7 




5.1 
5.8 


5,9 

a.8 


6.3 


4.1 


5-0 














1 1 
















0.8 


1,2 


1,7 


2,3 


2.9 


3.7 


4-5 


5,3 


8.4 








1 


o.e 


1,3 


1.9 


2.5 


3,2 


4.1 


5,1 


6.0 


7.0 








1 


1.0 


1.5 


2,1 


2.9 


3.7 


4.7 


5,7 


6,B 










' 


1.1 


1.7 


2.4 


3.3 


4.2 


5,4 


6,4 












' 


L3 


2X) 


Z,9 


4,0 


5.1 


6.4 
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^4:" X BEAM— No. 240 B. 



80 POUia)S P£K FOOT. 



FUnge width 7.00 

Web Uiicknww. 50 



Area in square inches . 
Resistance. 



Greatest safe load in net tons uniformly distributed. Fibre stress 1( 
For a load in middle of beam, allow oue-half of the tabular 1 
Deflection for centre load will be y% of the tabular deflectioi 
For figures in small type deflection is excessiye. 



^ 



4nii» 


Greatest 
Safe Load 

im 
Net Ibns. 

• 


DefieeHon 
in Inches. 


Greatest Distanee in Ret Betvceen O 
Beams /or JHstrUnUed I/pad as Bt 


100 

P^nds 

perSquartt 

FboL 


125 

Povnds 

per Square 

fboL 


150 

Pounds 

per Square 

FooL 


1 
pei 


10 
11 
12 


9J-^ 
78.20 


.07 
.09 
.10 


187.7 
155.1 
130.3 


150.1 
124.1 
104.3 


125.1 

103.4 

86.9 




13 
14 
15 


72,18 

67-03 
62.56 


.12 
.14 
.16 


111.0 
95.8 
83.4 


88.8 
76.6 
66.7 


74.0 
63.8 
55.6 




16 
17 
18 


5S-65 
55-20 

52'U 


.18 
.21 
.23 


73.3 
64.9 
57.9 


58.7 
52.0 
46.3 


48.9 
43.3 
38.6 




19 
20 
21 


49-39 
46.92 
44^ 


.26 
.29 
.31 


52.0 
46.9 
42.6 


41.6 
37.5 
34.0 


34.7 
31.3 
28.4 




22 
23 
24 


42.65 
40.80 
19-'o 


.35 
.38 
.41 


38.8 
35.5 
32.6 


31.0 
28.4 
26.1 


25.8 
23.7 
21.7 




25 
26 
27 


37.54 
36 09 
34.76 


.45 
.48 
.52 


30.0 
27.8 
25.7 


24.0 
22.2 
20.6 


20.0 
18.5 
17.2 




28 
29 
30 


33.51 
32.36 
31.28 


.56 
.60 
.64 


23.9 
22.3 
20.9 


19.1 
17.9 
16.7 


16.0 
14.9 
13.9 




31 
32 
33 


30.27 
29.33 
28.44 


.69 
.73 
.78 


19.5 
18.3 
17.2 


15.6 
14.7 
13.8 


13.0 
12.2 
11.5 




N. B. 
exceed I 


—For loads 
oaximum ]< 


given in It 
Mds given 


alios webs must be stiffened, or loa* 
in column XV, pages 188 to 191. 
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w 



a* I BEAM— No. 341 B. 

SS POimDS PER FOOT. 

■>:«• I AreRln«,™rnincUe9. 

» . , . - ^JS^| Bwialanta 

roT ■ liwd In Dilddla at beam, mLIow one-liaLt of tbe labu 

DdeMloD for cantre load Hill tw ^ of the labukr deSe 

Taw tiguit* in ■oihI] tjpe deUKtluu 1b eiccBsivc. 



fen. 


JW Ibiw. 




Aeoni 


MMUmcc In Pvl SrHwrrt OnUra aj 


^'^l""' 


prr Silvan 


P«.ndt 
FBaL 




10 
11 
12 


II 


m 

.10 


193.B 
160,3 
134.7 


155,1 
123.2 
107.7 


129.3 

ioe.s 

89.8 


110.8 
91.6 
77.0 


13 
M 
IS 


a 


.12 
!l6 


114,7 

gs.9 

86.2 


91.8 
79.2 
68.9 


76.5 
66.0 
57.S 


65.6 
66.5 
49.2 


u 

17 

la 




.18 

^1 

.23 


75.8 
67.1 
59,9 


60.6 
53.7 
47.9 


50,5 
44,7 
39.9 


43.3 
34^2 


IB 

ao 


ail 

46.17 


.26 
.29 

.31 


53,7 
4B.5 
44.0 


43,0 
38.8 
35.2 


35.8 
32,3 
29.3 


30.7 
27.7 
25.1 


22 
24 


44X17 
42.16 
40.40 


.35 

.38 


40.1 
36.7 
33.7 


32.1 
29.3 
28.9 


26.7 
2iA 
22.4 


22.9 
21.0 

19.2 


25 

26 


38.79 
37,29 
35,91 


.45 
.48 
.52 


31.0 
28.7 
26.6 


24.8 
22.9 

21.3 


20.7 
19.1 
17.7 


17.7 
16.4 
15.2 


28 

1 


34,63 

33,44 
32,32 


.56 
.60 
.84 


24.7 
23.1 
21.5 


19.8 

1S.5 
17.2 


16.6 
15.4 
14.4 


14.1 
13.2 
12.3 


31 

i 


31.28 

30.30 
20.33 


.69 
.73 
.78 


20.2 
18.9 
17.8 


16.1 
15.2 
143 


13.6 
12.6 
11.9 


10.2 



S. B,~Fi>r1owl«givo 
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24'' Z BEABf— No. 242 B. 
90 POUNDS Pmn foot. 



Flange width . 
Web thickness. 



7.42 
0.56 



Area in square inches . 
Resistance 



26.47 
196.4 



Greatest safe load in net tons uniformly distributed. Fibre stress 16,000 lbs. 

For a load in middle of beam, allow one-balf of the tabular load. 

Deflection for centre load will be -^ of the tabular deflection. 

For figures in small type deflection is excessive. 



in 
Feet. 



10 
11 
12 

13 
14 
15 

16 
17 
18 

19 

20 
21 

22 
23 
24 

25 
26 
27 

28 
29 
30 

31 
32 
33 



Greatest 




Sctfe Load 


Deflection 


in 


in Inches. 


Net Tons. 




104.74 


.07 


95.22 


.09 


87.29 


.10 


8o.'i7 


.12 


74.82 


.14 


69.83 


.16 


65-47 


.18 


61.61 


.21 


58.19 


.23 


55-13 


.26 


52-37 


.29 


49.88 


.31 


47.61 


.35 


45.54 


.38 


43.64 


.41 


41.90 


.45 


40.29 


.48 


38.79 


.52 


37.41 


.56 


36.12 


.60 


34.92 


.64 


33.79 


.69 


32.73 


.73 


31.74 


.78 



Greatest Distance in Feet Between Centres of 
Beams for Distributed Load as Below. 



100 

Pounds 

per Square 

Foot. 



209.5 
173.1 
145.5 

124.0 

106.9 

93.1 

81.8 
72.5 
64.7 

58.0 
52.4 
47.5 

43.3 
39.6 
36.4 

33.5 
31.0 
28.7 

26.7 
24.9 
23.3 

21.8 

20.5 
19.2 



125 

Pounds 

per Square 

Foot. 



167.6 
138.5 
116.4 

99.2 
85.5 
74.5 

65.5 
58.0 
51.7 

46.4 
41.9 
38.0 

34.6 
31.7 
29.1 

26.8 
24.8 
23.0 

21.4 

19.9 

. 18.6 

17.4 
16.4 
15.4 



160 

Pounds 

per Square 

Fbol. 



139.7 

115.4 

97.0 

82.6 
71.3 
62.1 

54.6 
48.3 
43.1 

38.7 
34.9 
31.7 

28.8 
26.4 
24.2 

22.3 
20.7 
19.2 

17.8 
16.6 
15.5 

14.5 
13.6 
12.8 



176 

Pounds 

per Square 

Foot. 



119.7 
98.9 
83.1 

70.8 
61.1 
53.2 

46.8 
41.4 
36.9 

33.2 
29.9 
27.1 

24.7 
22.6 
20.8 

19.1 
17.7 
16.4 

15.3 
14.2 
13.3 

12.5 
11.7 
11.0 



N. B.— For loads given in Italics webs must be stififened, or loads must not 
exceed maximum loads given in columns XV, pages 188 to 191. 
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34' I BEAM— No. 243 

OB POUNDS PER FOOT. 

Ttaoes irldih 7.48 I Aran In aquara 

Wob IhickneM 0.82 I Ke«lBlani.Ti. , . . 

BnaUslsifBtoadlDDet uminDifarmLTdJstrltnited. F<1 

Fdi a Imd In middle of beam, allow ons-hair of lli 

DeflsotloD for centre loul will be ^ ol the lahiiUi 

ForflKUregln iiunll t^pB deQwtion Ii oicce 





JVMIbiu. 


'4K 




a«lraq[ 


Pmnd, 




150 


Pound, 


10 

11 

12 




07 
09 
10 


215.7 
178.3 
149.8 


172.6 
142.6 
119.9 


143.8 
118.9 
99.9 


123.3 
101.9 
85.6 


13 
14 

15 


Si.gS 

77-05 
JI.91 


12 
14 
16 


127.7 
110.1 
95.9 


102.1 
88.1 
78.7 


85.1 
73.4 


73.0 
62.9 
54.8 


la 

17 
IB 


59-93 


18 
21 
23 


84.3 
74-6 
66.6 


87.4 
59.7 
53.3 


56.2 
49.8 
44.4 


4S.2 
42.7 
38,1 


ig 

20 


53.93 
51.37 


26 
31 


59.8 
53.9 


47.8 
43.1 
39.2 


39.8 
36.0 
32.8 


34.3 
30.8 
28.0 


22 
23 

24 


4S.03 
46.90 
44.94 


35 
38 


44.6 
40.8 
37.5 


35.7 
32.6 
X.0 


29.7 
27.2 
25.0 


2S.S 
23.3 

21.4 


2S 
27 


43.15 
41.49 
39.95 


45 

48 


34.5 
31.9 
29.6 


27.6 
25.5 
23.7 


23.0 
21.3 
19.7 


19.7 
18.2 
16.B 


28 
29 


38.53 
37.20 
35.98 


56 
60 
64 


Z7.5 
2S,7 
24.0 


22.0 
20.5 

is.a 


18.3 
171 
16.0 


15.7 
14.7 
13.7 


31 
32 
33 


34.80 
33.71 
32.69 


69 
73 


22.5 
21.1 
19.8 


18.0 
16.9 
15.8 


15.0 
14.0 
13.2 


12.8 
IZO 
11.3 



jr 
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-UMM. -f t«ir^MIM v««U u 
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aO° I BEAM— No. '200 B. 

es POUNDS PEH FOOT. 



jDlfoTmly dlalributod. Fibi 

















fcirfiDfi 


HeoM 


Oijilaiirx 1" Fett Bchnrji Ccnim of 
/Of DUIrUmUd lA^d a, mow. 










, Jftllten 


-'Zt" 


.Pm«dt 


mijTKfa 


FDwU 


, J7-M 
JM7 


09 
10 

12 


125.8 
104.0 
87.4 


100.7 
83.2 
89.9 


83,9 
5813 


71.9 
59.4 
49.9 




14 
17 
19 


74.5 
64.2 
55.9 


59.6 
51.3 
44.7 


49.6 
42.8 
37,3 


42.6 
36.7 
32.0 


34.95 


22 
35 


4S.2 
43.5 
38.8 


3l!l 


2910 
25.9 


28.1 
24.9 
22.2 


33.11 
31.46 


31 


34.9 
31,5 
28.5 


27.9 
25.2 
22.8 


23.2 
21.0 
19.0 


19.9 
16.3 


!8.eo 

Z7.3B 
8S.22 


41 
45 

49 


38.0 
23.8 
21.9 


20.8 

i7!s 


17.3 
15.9 
14.6 


14.9 
13.6 
12.5 


I 85.17 

' 23.30 


54 
53 
62 


20.1 
18.6 
17.3 


18.1 
14,9 
13.8 


13.4 
13.4 
11,5 


11.5 
10.6 
9.9 


22.47 
21.70 
20.97 


67 
72 
77 


16.1 
15.0 
U.0 


12.8 
12.0 
11.2 


10,7 
10,0 

e,3 


9.2 
8.6 
8.0 


20J0 
10.66 
18OT 


82 
Si 

sa 


13.1 
12.3 
11.6 


10.5 
9.8 

g.2 


8.7 
8,2 
7.7 


?5 

6.6 



EfnaxIraaiQ Inda ^tci 



" X BEAM— No. 301 B. 

70 POTJKDS PER FOOT. 





F„.flg«™i« 






^» 


^r*"'. „ 




"Xl' 


Maai IS Feet BetTrm 
/or JHtlribuled Loud a 


ann-fjn^ 


Jfti'nmi. . 


neha. 


10ft 
JWKb 

ptrSipiare 
Fwi. 


lwmd> 


Fo»«<U 


175 


10 

u 

12 


6S-SS 
59-59 
54AI 


09 
12 


131.1 

ioa.3 

91.1 


104.9 
86-7 
72-8 


87,4 
72.2 
60,7 


74.0 
61.9 
53,0 


13 
14 
15 


SS:g 

43.70 


14 

17 
19 


77.6 
66.9 
58.3 


53!5 
46-6 


51.7 


44.3 
38,2 
33.3 


le 

17 
18 


40.97 
3856 
36.42 


25 
28 


51,2 
45-4 
40.5 


41.0 
36.3 
32.4 


30!2 
Z7.0 


253 
23.1 


IB 
20 
31 


34-50 
32.7B 
31,21 


31 
34 
38 


36.3 
.32,8 
29.7 


29.1 
26,2 
23.8 


34.2 
21.9 
19.8 


203 

ie.7 

17.0 


22 
23 
21 


29.80 
28.50 
27,31 


41 
45 
49 


27.1 
34.8 
22,8 


21,7 
19.8 
18,2 


18.1 
16.5 
15.2 


155 
14.2 
13,0 


25 
27 


26.22 
35.21 
24.28 


54 
58 
62 


21,0 
19.4 
18.0 


16.8 
15.5 


14.0 
12.9 
12.0 


ILI 
103 


28 

30 


23.41 
2Z.60 
21.85 


67 
72 
77 


16.7 

15,6 
14.6 


13.4 
12-5 
11.7 


11.1 
10.4 
9.7 


9.6 
8.9 
8.3 


31 
32 


21.14 
20.48 
19.86 


)2 


13.6 
12.8 
12.0 


10.9 
10.2 
9,8 


9,1 
8.5 
8.0 


7,8 
7.3 
&9 



20" I BEAM— No. 202 B. 

70 FOUNDS PER FOOT. 

Fluge width 6,S9 I Area Id squire liicht 

Web Italckueu. 0.S4 | RcsiiUipce 

Gr«1«t safe load in net toru unifui 
Fdti 





ForBgur«,in 


niiill typed 


(lection is 


x««si.«. 






S.^ Load 
JWHTtm-. 




""aLmiJoToislrib 


'sist:. 


Biiair. 


ffS" 




Founit 




Pouiuli 


10 

11 

12 




.09 
.10 
.12 


136.3 
112.6 
94.7 


109.0 
90.1 
75.7 


eo.g 

75.1 
63.1 


77.9 
64.4 
54.1 


13 
14 
15 


53.42 
48.68 
45.43 


.14 
.17 
.19 


B0.7 
60.5 
60.6 


64.5 
55.6 
48.5 


53.8 
46.4 
40.4 


46.1 
39.7 
34.6 


IS 
17 
18 


42.59 
40.08 
37.S6 


.22 
.25 


53.2 
47.3 
42.1 


42.6 
37.7 
33.7 


35.5 
31,4 
28.0 


30.4 
26.9 
24.0 


19 

2D 


35.87 
31.07 
32.45 


.31 
.34 
.38 


37.7 
34.1 
X.9 


30.2 
27.3 
M.7 


25.2 
22.7 
20.6 


21.6 
19.5 

17.7 


22 

23 
24 


X.98 
28139 


.41 
.45 
.49 


28.2 
25.8 

23.7 


22.5 
20.6 
18.9 


18.8 
17.2 
13.8 


16.1 
14.7 
13.5 


2S 
Zl 


27.26 
26.ZI 
25.M 


.54 
.58 
.62 


21.8 
20.2 

ia.7 


17.4 
16.1 
15.0 


14.5 
13.4 
12.5 


12.5 
11.5 

10.7 


28 
29 
30 


34.33 
23.50 
22.72 


.67 
.72 
.77 


17.4 
16.2 
15.1 


13.9 
13.0 
12.1 


11.6 
10.8 
10.1 


9.9 

e.3 

8.7 


31 
33 


21.98 
21.30 
20.65 


.32 
.68 
.93 


14.2 
13.3 
12.5 


11.3 
10.7 
10.0 


9.5 
8.9 
8.3 


ai 

7.6 
7.2 


N. H. 


-For lands 


given In I 


Alia web» n 


11 at be stiir 


ned.uti™ 


faBl««.mA, 



IB in Dolumn XW, iianta IMU) WV, 



I 




"■^5^^ 








20" 1 BEAM— No. 203 B. 

80 PfHUfDS PER FOOT. 




SS^ 












Irtributal 




iufElo&dlmiettnnB 




Fibre atron IS, 000 Ibi. 






■ iDid IQ lolddle Dl 


liesm, allgw one-hBlf of tlie tabulur lowi. 






DeflecOontoroenlre 


oad will be j'a of Ihe labul.r deflwlloD. 






Pnr flgnres in 


mnll (jps deacctioD is eicaisiTe. 


Z 


JV«)Vu. 




Graocj* ZXIana In Ferl BetiKm Cenira i/ 




MJi^n 


ftiiBdi 
ptrS/aarc 




-ff" 


10 

11 

12 


i? 




10 
12 


I49J 
123.8 

104,0 


119.8 
99.0 
83,2 


99.9 
82-5 


85.6 
70.7 
59.4 




13 
U 
15 


57.62 
53.50 
49.93 




17 
19 


88.6 
76.4 
66.6 


70,9 
61,1 
53.3 


59-1 
51-0 
44.4 


50.7 
43.7 
38.0 




18 
17 
18 


46.81 
44.06 
41.61 




22 


58.5 
S1.8 
46.2 


46.8 
41,S 
37.0 


39.0 
34.6 
30,8 


33,4 

29.6 
28.4 




19 
20 
21 


39.42 
37,45 
35.67 




31 
34 


41.5 
37.5 
34,0 


33,2 
30,0 
27,2 


27,7 
25,0 
22,6 


23.7 
21.4 

19.4 




22 
23 
24 


34.05 
32.57 
31.21 




41 
45 


31.0 
28.3 
28.0 


24,8 
22,7 
20,8 


20,6 
18,9 
17.3 


17.7 
16.2 
14.9 




25 
26 
27 


28!81 
27.74 




54 
58 
62 


24.0 
22.2 
20,5 


19.2 
17,7 
16,4 


16.0 
14,8 
13.7 


13.7 
12.7 
11.7 




28 
29 
30 


26.75 
25.83 
24.97 




67 
72 
77 


19.1 
17.8 
16.6 


15,3 
14,3 
13.3 


12.7 
11,9 
11.1 


ISi 

9^ 




31 


24.16 
23.41 
22.70 


£2 
'.93 


15.6 
14.6 

13.8 


12.5 
11.7 
11.0 


10.4 
9.8 


&0 
8.4 
7.9 


si 


N.a 


-For loud. 


ffl 


""given 


nlici wobB 


xTilS^'" 


c-nal, or loi 
SSt-lSl. 


'*"'"'"| 





1 




20" I BEAM— No. 204 B. 








80 P 


ODKDS PER FOOT. 






w'bii 

GntfK 

F 


width 


.8.92 1 


diBtributed 

iWlb^u" 
eflectloQ is 


IrHnch^... 


. . , 2B.00 




rt Mfe loud in net Ions iiDirormly 
rn loiul to middle of besm, Hlln 

For figures in imall typo 


Fibre Btr™ 16,000 IbB. 
rthBlKbuUrloHd. 
bulnr deflecUun. 




NetTOiu. 


atfl^TOm 


Grtalat DUIitna in Fmi Belvtav Ctnlrcs of 


•^- 


Pmndi 


P-jv,ndi 
perSqmn 


ITS 


10 

11 

12 


64,58 


.09 
.10 
.12 


155.0 
128.1 
107.6 


124-0 
102,5 


103-3 
85.4 
71.8 


Bs-a 

73.2 
61.5 


13 
14 
15 


59,61 
65.38 
51,67 


.14 
.17 
.19 


91.7 
7B.1 
68.9 


73-4 
63.3 
55.1 


61.1 
52.7 
45.9 


53.4 
45.2 
39.4 




17 
18 


48.44 
45.59 
43,06 


.22 
.25 


60.6 
53,6 


4B.4 
42.9 
38.3 


40.4 

35.8 

• 31.9 


34.6 
30.6 
27.3 




19 
20 
21 


40.79 
38,75 
36.90 


.31 
.34 
.33 


42.9 
38.8 
35.1 


34.4 
31.0 
28.1 


28.6 
25.8 
33.4 


34.5 

22.1 
20.1 




34 


35.33 
33.69 
33.39 


.41 
.45 
.49 


32.0 
29.3 
26.9 


25.6 
23.4 
21.5 


21.4 
19.5 
17.9 


18.3 
18.7 
15.4 




25 
28 

27 


31.00 
29.81 
28.70 


.54 
!62 


24.8 
22.9 
21.3 


19.8 
18,3 
17.0 


16.5 
15.3 
14.2 


14.2 
13.1 
12.2 




2S 
28 

30 


27.68 
36.72 
25,83 


.67 
i77 


19.8 
18.4 
17.2 


15.8 
14.7 
13.8 


13.2 
12.3 
11.5 


11.3 
10.5 
9.8 




31 
32 
33 


25.00 
24.22 

23.46 


:l 


16.1 
15.1 
14.3 


12.9 
12.1 
11.* 


10-8 
10.1 
0.5 


9.2 
8.7 
8.1 


( 


s. a 


-Ki.r l<»d given In I 
niiiiiniiiii l^<i sWen 


»li«, wrh »..ut iHiBlllVitiirf.or W 
n«.lnraiiiV,paB«18SLbm. 


dmuM.«». 


^ 


^ 


- 


K 


^^_ 



-i 



^^ X VKAS-3S4I. aos 













*» 


:!v«i? 


kSlto^ VI 


■m V^M^T. 


t 


•■ V 


« 


«.*♦ 






■ 


^li 


ihiosh a ftitian isMtek .... 96.47 
iMMam:* ISaiT 


^ * 


*<• 


■»>» '^ 


' » 


««» 


■ <*• ■. 


'^ft' .-a.iiAr-aiT 


JM=im.ifiL FS^RitreM 16,000 IbB. 






. 


• • 




■a- k<i^ : 


VM 


a. ailto* 


•o»->aii:: i£ ^te tmbular load. 






^• 


A.V. 






:- «. 


1- :t« * 


.L -au -anusr ifcAeetion. 



\, - — — . 






V ^^ 



\ V 



.-. V 














•5 


:» 


175 
l\rtinds 




*!' ^<«rur« 




jftrSgnan 
FboL 






S&3 
74.2 


91^ 
75.7 
63.6 




d:** 

^fc 


63L2 
54.5 


54.2 
46.7 
40.7 






41.7 


35.8 
31.7 
aB.3 








25.4 
22.9 
20.8 








18.9 
17.3 
15.9 


^ ^ 




1-4.? 


14.6 
13.5 
12.6 


• 

V 




13.? 

Sii 


11.7 
10.9 
10.2 


- 


^ 


i:a 

i:..4 


9.5 
&9 
8.4 







aO' I BEAM— No. 306 B. 

OS POOMDS PER FOOT. 



wtntasa load in oat Ions udlformLjdlalribiilijd, Fibre atren 16,000 lbs. 
Tot ft loid in middle of beam, allow ODO-biJr of Ihe labuJar load. 



72.00 

66.47 
61.72 
57.60 

54.00 



45.48 
43.20 
41.15 



34.56 

3a!oo 





Pimndi 
per&iiiare. 




13S.3 
114,3 
96.0 


115.2 

95.2 
80.0 




81.8 
70.5 
61.4 


68.2 
58.8 
51.2 




54,0 
47.8 
42.7 


45.0 
35!6 




38.3 
34.6 
31.4 


31.9 
28.8 
28.1 




28.6 
26.1 
34.0 


23.8 
21.8 
20.0 




22.1 

20.5 
19.0 


18.4 

17.0 
15.8 




i7,e 

16.4 
15.4 


14.7 
13.7 
13.8 




144 
13.5 
12.7 


12.0 
11.3 
10.6 





20" t hEAM— No. 307 B. 

10* :*'OlrNl)S FEB FOOT. 

^thTokneM.*. '. '. '. *. '. - . oisi | Itoslswn^""? 1" " 
arBi.t«etsateloBdlniiBttonH uniformly diitritiu ted Ffbrs at 



L 



Sq/iiooui 


lytfittlion 


A«i™ for "flMI-Hltd iJad™ 




per Square 






88.B8 
80.SS 
74.15 


m 

.10 
.12 


178.0 
147.1 
123.6 


142.4 
117.7 
98.9 


ii8.e 

9S.0 
B2.4 




68.44 
63.56 
59.32 


.14 

.17 
.19 


105.3 
90.8 
79.1 


B4.2 
72.6 
63.3 


70.3 
60.5 
52.7 




56.61 
52.34 
49.43 


.22 


69.5 

6i.e 

54.9 


55.6 
49.3 
43.9 


46.3 
41.1 
36.3 




46.S3 

44.49 
42.37 


.31 
.34 
.38 


49.3 
44.5 

40.4 


3516 
33J 


32.9 
29.7 
26.9 




40.44 
38.6B 

•Sim 


.41 
.45 
.49 


36.8 
33.6 
30.9 


2619 
24.7 


24.5 
23.4 
20.6 




35.59 
34.22 
32.B5 


.54 
.58 
.62 


28.5 
26.3 
24.4 


22.8 
21.1 
19.5 


19.0 
17.6 
18,3 




31.78 
30.68 
29.69 


-67 
.73 
.77 


22.7 
21.2 
19.8 


ia2 

16.9 
15.8 


15.1 
14a 
13.2 




28.70 
27.S1 
26.96 


.82 
-88 
.93 


18.5 
17.4 
16.3 


14.8 
13,9 
13.1 


12.3 

11.6 
10,9 





. — ^ «l 



• #•.*. 





18" I BEAM-No. 183 B. 




65 POUNDS PER FOOT. 


1 


wldlh 

Ikkaen 


. S;I3 1 ^.ZT 


roiocho,. 


:::K 1 


I 1 load In middle of bcsm, >LU><r ODO-bBtr 
For figure In smidl lype <3eB«tloii i. 


Fibre «tre« 16.000 IbB. 1 
r tbo Ubular load. ■ 
hiilar defledioD. ■ 






'"'£n-^j^"rHaiHiH 


red Loadal 


.'.IT-* 


£5r^ 










6S.73 
43.H 


.10 

J2 
.14 


106.5 
87.1 
73.2 


84.4 
69.7 
58.6 


70.3 
58.1 
48.8 


60.3 
49.8 
41.9 


35.15 


.16 
.19 
.21 


62.4 
53.8 

46.S 


49.9 
43.0 
37.5 


41.6 
35.9 
31.2 


35.7 
30.8 
26.8 


32.95 
31,01 
29.29 


.24 
.28 
.31 


41.2 

36.5 
32.5 


33.0 

29.2 
28.0 


27.5 
24.3 
21.7 


23,5 

20.S 
18.6 


S7.T5 
26.36 
2S.U 


.34 
.38 
.42 


2S.2 
26.4 
23.9 


2l!l 
19.1 


19,5 
17.6 
15,9 


16.7 
15.1 
13.7 


23.97 


.46 
.50 
.55 


21,8 
19.9 
18.3 


17-4 

16.9 
14.6 


14.5 
13.3 
12J 


12.5 
11.4 

10.5 


ZIJM 

ao.2B 

lft53 


.60 
.64 

JBO 


16.9 


13.5 
12.5 
11.6 


11.2 

10.4 
9.9 


9,6 
8.9 
8.3 


1B.83 

i&ia 

17.6B 


.75 
.80 
.86 


Si 

11.7 


10.8 
10.0 
9.4 


9.0 
8,4 
7.8 


7.7 
7.2 
6.7 


17fll 
te.48 
ISJB 


.92 
.38 
IM 


11,0 
10.3 
9.7 


8.8 
8.2 
7.7 


7.3 
6.9 
6.5 


6.3 

5.9 
5.5 









18" I beam-No. iss b. 

70 POUNDS PEK FOOT. 

Ftonge width eiM I Ares In iqiinre ioeliB 

•"-■•■•■'-' . , 0,«3 I Eniilanw 

i> unllormlT <lutrit>ut«l. Fibre i 



Web thicluieai. 
GmlotBufeloi 



DeaeoUon ror se 













SaJtlMi 


nrJIiKlInn 




PM. 


NefTm.. 








K 






n 


.12 




12 


48.48 


.14 




i:i 


44.75 


.16 




14 


41.55 


.19 




lb 


38.78 


.21 




Ifi 


36.36 


.24 












IH 


32.32 


.31 






30.62 


.34 












•l\ 


27.70 


.42 








.46 












24 


24.24 


.55 








SO 




•» 


22.3E 


.64 




27 


21.55 


.69 




an 


20,78 


.75 






20.06 


.80 




30 


ig.39 






at 


18.77 


.92 




3K 


18.18 


.06 






17.63 


1.0* 





S" 


"SS" 






116.4 
96.2 
SO.S 


93,1 
76.9 
64.6 


77.6 
64.1 

53.9 




68.8 
59.4 
51.7 


55.1 
47.5 
41.4 


45.9 
39.6 
34.5 




45.4 
40.3 
35.9 


36.4 
32.2 
28.7 


30.3 
26.8 
23.9 




32.2 
291 
26.4 


25.8 
23.3 
21.1 


21.5 
19.4 
17.6 




24.0 
22.0 
20.2 


19.2 
17.8 
16.2 


16.0 
14.7 
13.6 




18.6 
17.2 
16.0 


13.8 
12.B 


13.4 
U.5 
10.6 




14.S 

13.8 
12.9 


115 

11.1 
10.3 


9.9 
9,2 

ae 




12.1 
11.4 
10.7 


9.7 
9,1 
8.5 


S.1 
7.6 
7.1 





E BEAM— No. 184 B. 

a POITNDS PEB FOOT. 



For a lokd in niii1dJ< 
SaSeiition far eea\ 



ins unironnl; dlatribuled. Fibre a( 
! at bemii, sJlaw oucliair at th? labi 
Ire lond iillj be y^ o'tha Isbulnr dcH 



t 


»i/elZd 




O'oiUM DUUmct in 
Bernni/OT IHstrib 


led LoKdZ Belw" " 


<rytt; 


IDO 


125 
FoundM 

fijuL 


ptr^mn 




10 

11 

12 


60,^ 
^.14 
50.54 


.10 
.12 


121.3 
100.3 
84.2 


97.0 
80.2 
67.4 


80.9 
66,8 
56Ji 


57.3 
48.1 


13 
U 
15 


46.88 
43,32 
40.44 


.16 
!21 


71.8 
61.9 
53.9 


57.4 
49.5 
43.1 


47.9 
41.3 

35.9 


41.0 
3S.4 
30.8 


IS 

17 
18 


37.S1 
35.68 
33.70 


.24 
.28 
.31 


47.4 
42.0 
37.4 


37.9 
33.6 
30,0 


31,6 
2B.0 
25.0 


27.1 
24.0 
21.4 


IS 
21 


31.92 
30.33 
28.88 


.34 
.33 
.42 


33.6 
30.3 
Z7.5 


2413 
22.0 


22.4 
isia 


19.2 
17.3 
15,7 


22 

23 

24 


37.57 
26,37 
25.37 


.46 
.50 
.55 


25.1 
22.9 
21.1 


2D.1 
18.3 
16,9 


16.7 
15.3 
14.0 


14.3 
13.1 
12.0 


S5 

26 
Z7 


24.26 

2a46 


.60 
.64 
.69 


19.4 
17.9 
16.6 


15.5 
14.4 
13.3 


12.9 
12.0 
11.1 


11.1 

10.3 

e.s 


28 
29 

30 


21,66 
20.91 
20.22 


.75 
SO 
.86 


15.5 
14.4 
13,5 


12.4 
U.5 
10.8 


10.3 
B.6 
9.0 


8.8 
8.2 

7.7 


31 
32 
33 


19.57 
18.95 
ia.3B 


.92 
.98 
1.04 


I2.a 

nil 


10-1 
9.5 
8-9 


8.4 
7,9 
7.4 


7-2 
6.B 
6,4 
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18* X beam-No. iss b. 
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80 FOUN»S PER FOOT. 




w"^ 






,«lilance. 


. - ia.S8 


kknesB 




For > \«ai Id uiiJdlo ut 


utKCann]} dlittJbuted. Fibniilr»G 
Iwaiu, mllQW onf-halfof the tthul 
ppd will be ,V "f tl'" Whiilm deflac 
mill i;pe dBauuUuD l> eiceislTe. 


j-]o«l. 

tiOD. 


J^» 


Grtalal 






s:-' 






l,rr»/aart ytrSi/iiarc 




10 
11 
12 


eaaz 

67.29 

52.51 


,10 
,12 
.14 


126.0 
104.2 
87.5 


100,8 
83,3 
70,0 


84,0 
69.4 
58,3 


72,0 
59.5 
50A 


13 
14 
15 


4B.47 
45.01 
42.01 


.16 
.18 
.21 


74.8 
64.3 
58.0 


59,7 
51.4 
44.8 


49.7 
42.9 
37.3 


42.6 
36.7 
32.0 


16 


39,38 
37.07 
35J}1 


.24 
.28 
.31 


49.2 
43.6 
38.9 


39.4 
34.9 
31-1 


32,8 
29,1 
25.9 


28.1 
24.9 
222 


IS 


33.17 

31.51 
30.01 


.34 
.36 
.42 


34,9 
31,5 
28,6 


27.9 
22^9 


21.0 
19.1 


163 


22 
24 


28.64 
27.40 
26,28 


.46 
.50 
.55 


26,0 
23.8 
21,S 


20.8 
!9.l 
17.5 


17.4 
15,9 
14.6 


14.9 
13J 
12.& 


1 ^ 


25.21 
24.24 
23,34 


.60 
.64 

.69 


20,2 
18,6 
17.3 


le.i 

14,9 
13,8 


13.4 
12.4 
11.5 


11£ 
10.7 
9.B 


1 


22.51 

21.73 
21,01 


.75 
.80 


16,1 
15.0 
14.0 


12,9 
12,0 
11,2 


10.7 
10.0 
9.3 


9.2 ' 

B.6 

8.0 






.92 
98 


13.1 
12.3 
11.6 


10-S 
9,8 
9,3 


8.7 

e.2 

7.7 


7.5 
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18" I BEAM— No. 18« B. 
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8S POUNDS FEB FOOl 














Jreein*, 


.r. ipohe. 


- ■ ■ j23.M 








|cr 


tmteloBainDeUoni 


unifurmlv distributed. 


Fibre Btra 


LSlB,000lbl. 






Foi 


H load In midiile of b«im, allow nne-balf c 












Deflection for «Di™ loud -Ul l«-^oI tb« ubuisr ,iefle=(ion. 








ForflgurKli. 


null Ijpe deflection ia 


iiesai.e. 










Oicafcuf 
AWIb«. 




BniiiufiirmilrOi 


M I^m 


£="* 






lot) 


12& 


l.iO 
Pw»di 


17» 




10 

u 

12 


62.72 

57.49 


.10 
.12 
.14 


138J) 
114^ 
95.S 


110,4 

9ija 

7a7 


93.0 
76.0 
63.9 


78.9 
65.2 

545 




13 
H 

15 


53,07 
49.28 
45.99 


.16 
.19 

.21 


81.6 
70.4 
61J 


653 
S6.3 
48.1 


54.4 
46.9 

4a9 


46.7 
40.2 

36.0 






le 

17 
18 


43.12 
40.58 

38.33 


.24 

.as 

.31 


53.9 
*7.7 
42.6 


43.1 
38.2 
34.1 


35.9 

31.8 

2a4 


305 
ZI3 
2*3 






19 
2D 
21 


36.31 
34.40 
32.85 


38 

.42 


382 
345 
31.3 


3ft6 
Z7.6 
25J) 


255 
23.0 
20.9 


ZLS 
19.7 
17.9 






i 

. 2* 


31.36 

2s.se 

28.75 


.46 
.50 

.5S 


285 

2ai 

24.0 


22:8 

ao.9 

19.2 


1B.0 
17-4 
16J) 


1H3 
14S 
13.7 






as 

26 
27 


%.S3 
25.M 


.60 

J! 


22.1 
20.4 
18.9 


17.7 
163 
15.1 


14.7 
135 
126 


125 
11.7 
103 






28 
29 
30 


24.64 
2179 
23.00 


.75 
.80 
36 


17.6 
164 
153 


14.1 

lai 

123 


11-7 
10.9 
102 


10.1 
&8 






31 

as 

33 


2^25 

2ia 

ao.st 


SB 
L04 


14.4 
135 
12.7 


115 
10.8 
10-1 


9.8 
9J 
8,4 


72 


^ 
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W Z BEAM— No. 187 B, 



90 FOUNDS F£B FOOT. 

Flange width 7.08 I Area in square inches 26.47 

Web thickness 0.S2 | Resistance 182.00 

Greatest safe load in net tons uniformly distributed. Fibre stress 16,000 Ibe. 
For a load in middle of beam, allow one-half of the tabular load. 
Deflection for centre load will be ^j^ of the tabular deflection. 
For figures in small type deflection is excessive. 



Span 

in 
Feet. 


Greatest 
Safe Load 

in 
Net Tons. 


Deflection 
in Inches. 


Greatest Distance in Feet Between Centres of 
Beams for Distributed Load as Below. 


100 

Pounds 

per Square 

Foot. 


125 

Founds 

per Square 

Fool. 


150 

Pounds 

per Square 

Foot. 


175 

Pounds 

per Square 

Foot. 


10 
11 
12 


71.29 
64.81 
59.41 


.10 
.12 
.14 


142.6 

117.8 

99.0 


114.1 
94.3 
79.2 


95.1 
78.6 
66.0 


81.5 
67.3 
56.6 


13 
14 
15 


54.84 
50.92 
47.53 


.16 

.19 • 
.21 


84.4 
72.7 
63.4 


67.5 
58.2 
50.7 


56.2 
48.5 
42.2 


48.2 
41.6 
36.2 


16 
17 
18 


44.56 
41.94 
39.61 


.24 
.28 
.31 


5517 
49.3 
44.0 


44.6 
39.5 
35.2 


37.1 
32.9 
29.3 


31.8 
28.2 
25.2 


19 
20 
21 


37.52 
35.65 
33.95 


.34 
.38 
.42 


39.5 
35.7 
32.3 


31.6 
28.5 
25.9 


26.3 
23.8 
21.6 


22.6 
20.4 
18.5 


22 
23 
24 


32.41 
31.00 
29.70 


.46 
.50 
.55 


29.5 
27.0 
24.8 


23.6 
21.6 
19.8 


19.6 
18.0 
16.5 


16.8 
15.4 
14.1 


25 
26 
27 


28.52 
27.42 
26.40 


.60 
.64 
.69 


22.8 
21.1 
19.6 


18.3 
16.9 
15.6 


15.2 
14.1 
13.0 


13.0 
12.1 
11.2 


28 
29 
30 


25.46 
24.58 
23.76 


.75 
.80 
.86 


18.2 
17.0 
15.8 


14.5 
13.6 
12.7 


12.1 
11.3 
10.6 


10.4 
9.7 
9.1 


31 
32 
33 


23.00 
22.28 
21.60 


.92 

.98 

1.04 


14.8 
13.9 
13.1 


11.9 
11.1 
10.5 


9.9 
9.3 
8.7 


8.5 
8.0 
7.5 


1 "^ 



60 
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IS" J BEAM— No. 150 B. 










42 POUNDS PER FOOT. 








te>,- 




v™.in,,„a™inul.«.. 


. . . 12.35 










ttuei 
Fo 


t safe load in net Ions anlfomly dislrlbiittd. Fibre stress te.WO Hbl 

Se&nUun for cenlrolgsd -ili be A "t Ihe IDbiiUr deflocUon. 
Fof flguriH in smnll tjpe deBcclioo Is cxceasiye. 












Grmlfjil Illilann iu Fri-l flfftm- 
Bcami/(,r Dulyihulrd Imd .1 


(in/r^. y 




i«I«:k« 


•S"- 




-A- 


29.8 
25.0 




1 

12 


5S 

2(5.39 


.11 
.14 
.16 


63.1 
52.1 
^.8 


50.5 
41.7 
35.1 


42.1 
34.8 
29.2 




13 
U 
IS 


as 

21.04 


.19 

.23 
.26 


37.3 
32.2 
28.1 


29.9 
25,8 
22.4 


21.9 

as 


21.3 
18.4 
16,0 




1 


16 
17 

18 


19.72 
1S.56 
17.53 


.29 
.33 
.37 


24,7 
21.8 
19,5 


19.7 
17.5 
15.6 


16.4 
14.6 
13.0 


14.1 
12.5 
11.1 






19 

S 


16.61 
15.78 
15.03 


.41 

.46 
.50 


17.5 
15.8 
14.3 


14.0 
13.6 
11.5 


11.7 
10.5 
9,5 


10,0 
9.0 
8.2 






as 

23 

24 


14.34 
13.72 
13.15 


.55 
.60 
.66 


13.0 
U-9 
11.0 


10.4 
9,5 
8.B 


8.7 
8.0 
7.3 


7.5 
6.8 
6-3 






25 
2S 

27 


12.62 
12.14 
11.69 


.71 
.77 
-83 


10,1 
9.3 
8.7 


B.1 
7.5 

e.9 


6.7 
6.2 
5.8 


5.B 
5.3 
4.9 






28 

29 

ao 


n.27 
10.88 


.90 
.96 


8.1 

75 


6.4 

6.0 


5.4 

5.0 


4.6 
4.3 


1 


















31 
32 
33 


9M 


i.lO 
1.17 


l:i 


19 


t.i 


3.6 

9.S 


k 




KB. 


^iX'Smlo'SJlf "gl™"!!,' ™" til X vl ,fflg^^^^'''^> wV.™ 


s^^tu.. 
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1J5" I beam-No. isi b. 




4S POimUS PER FOOT 






TlugewldUi 5.51 1 


rmin »qu 
lElrlbiited. 


te In^hM - 


. . . is,a 


OnsleM »re 1«d In net Iods nDirormly 


Fibre .trw 


- 16,000 ibi 


For m Iniul ia middle of beam, illuw ODC-hair 


f lh« Ubular loud. 


DeBecUuD for ceDlre luiil will b« ij of the ts 


ml Br drdiH 


Ion. 


For flgures Id small tjpo cleflectlod L. 








GreaUtI 
Stfttood 


sss. 


""ZL'^i-Si.HSS.T.. 












ID 
11 
12 


27.28 


.11 

.14 
.16 


65.5 
54.1 
4S.5 


62.4 
43.3 
38.4 


43.6 
36.1 
30,3 


37.4 
30,9 
2641 


13 
14 
15 


2S.13 

zi!sz 


-IB 
.22 
.26 


38.7 
33,4 
29.1 


31.0 
26.7 
23.3 


25.8 
22.3 
19,4 


22.1 
19.1 
16.S 


16 
17 
IB 


20.46 
19.25 
18.18 


.29 
.37 


25.S 
22.6 
20.2 


20.B 
18.1 
16.2 


17.0 
15.1 
13.5 


146 1 
U£ ( 


19 
20 
21 


17.23 
16.37 
15.59 


.41 
.46 
.50 


18.1 
16.4 
14,8 


14.5 

13.1 
11.9 


12.1 

10.9 
9.9 


104 


23 
23 

24 


14-88 
14.23 
13.84 


.55 
.60 
.66 


13.5 
12.4 
11.4 


10.8 
9.9 
9.1 


9.0 
8.2 

7.e 


7.7 

7.1 
6.5 


25 
26 
37 


13,09 
12.59 
12.12 


.71 
.77 
.83 


10.5 
9,7 
9.0 


8.4 
7.7 
7.2 


7.0 
6.5 
6.0 


6.0 
5.5 
5.1 


28 

30 


11.69 
11.29 


.90 
.96 


8.3 
7.8 


6.7 
6.2 


5.6 
5.2 


4.8 














31 
32 
33 


W.3» 


LIT 


6.8 


fS.S 


4.S 


U 

1.4 


N. B.-For IoimJ ^Iven In Il«li« -eb >dd.[ he Ml! 


med, or l« 


a nuHlMt 


til. 







IS" X BEAM— No. 153 B. 

so FOCNDS PER FOOT. 

<«1dth 8,82 I A«ainH<,L^Hre!n=h«. . . 

blckocBa Q.4S I KeaisUDOu 

atnTelcAdluDettODsuiilfarinlT'diBtrJbuted. Fibre strrtal 

>r ■ lotd in middle of beam, allow one-liiir of tbe UbuUr 

DeflecUoo fiir centre load will be xV of the tsbulsr dellenllaD 

For Bgurea in email tjpe defleeliun la eiressi^B. 



^- 


a-wleil 




Beami M DUtrib 


ltd Load a 


« Caura 0/ 


m%mM. ■" 












ReL 








Pimnd. 

p"-»ri<'" 




10 
11 
12 


5a 

30.53 


11 
14 
16 


73.3 
60.a 
50.9 


58.6 
48.5 
40.7 


48.9 
40.4 
33.9 


41.9 
34.6 
29.1 


13 
M 
IS 


28. IB 
26.17 
Z4.43 


19 
26 


43.4 
37.4 
32.8 


34.7 
29.9 
26.1 


28.9 
24.9 
21.7 


24.8 

21.4 
18.6 


le 

17 
18 


22.90 
21.55 
2D.35 


29 
37 


28.B 
25.4 
22.6 


22.9 
20.3 
18.1 


19.1 
16.9 
15.1 


1B.4 
14.5 
12.9 


19 
20 
21 


19.28 
18.32 
17.45 


41 
46 

50 


20.3 
18,3 
1S.6 


16,2 
14.7 
13.3 


13.5 
12.2 
11.1 


11.6 
10.5 
9,5 


22 
23 
21 


16.fl5 
15.93 
15.27 


55 
60 
66 


15.1 
13,9 
12.7 


12.1 
11.1 
10.2 


10.1 
9.2 
8.5 


8.7 
7.9 
7.3 


23 
27 


14.66 
14.09 
13.57 


71 
77 
83 


11.7 
10.8 
10.1 


9.4 
8,7 
8.0 


7.8 
7,2 
6,7 


6,7 
6.2 
5.7 


28 


13.09 
12.63 


90 
96 


9.4 
8.7 


7.5 
7-0 


62 
5.8 


5.3 
5.0 
















31 
32 
33 


11.88 1 
11.41 J 
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15" I beam-No. is3 b. 






SS POUNDS FEB FOOT 






Flugeirldtb . . 






^ iDCb» . 


" " * Tza 


Gmtutn^elctadliiiiotloDB 

For m loud [d middle ot 

DeflbctloD tor cenltB 

For flguren Id a 


uniformly distribuUsl. 
■Dsll tfpc deflwtioD ia 


Fibre itKt 
bulird^flac 


HrloBd. 

UOD. 




4» 




arsUeil DMa-na in Fict Btbtan CknAa i^ 


^^ 






^r. 


1711 


12 


38.60 

35,09 
32.17 


.11 
!l6 


77.2 
63.B 
53.6 


5i!o 

42.9 


51.5 
42.5 
3S.7 


44-1 
38.5 
30.6 


13 
H 
15 


29.69 
27.57 
25.7* 


.19 
.22 
.26 


45.7 
39.4 
34.3 


36.5 
31.5 
27.5 


30.5 
26.3 
2Z.9 


26.1 
22.5 
19* 


16 
17 
18 


34.13 
2271 
21.45 


.29 
J33 
.37 


X.2 
26.7 
23.8 


24.1 
21.4 
19.1 


20.1 
17.8 

15.9 


17.2 
163 

13.8 


19 
20 
21 


20.32 

19.30 

laas 


.41 

.46 
.50 


21.4 

19.3 
17.S 


17.1 

15.4 
14.0 


14.3 
12.B 
11.7 


■ 112 
ILO 
lOi) 


22 

23 

H 


17.55 
16.78 
16.08 


.60 
.66 


16.0 
14.6 
114 


12.8 
11.7 
10.7 


10.6 
9.7 

8.9 


8.3 
7.7 


h 


15.44 
14.^ 
14.30 


.71 
.77 
.83 


12.4 
11.4 
10.6 


9.9 
9.1 
R5 


&2 
7.6 
7.1 




i-s 


1179 
13^ 


.BO 
36 


9£ 
9.2 


7.9 
7J 


6.6 


S.S 


■"jo 














1 


MM 


LIT 


t.0 


44 




4(. 


1 








k 




M 




J 















w 






^i^^SP 




ifi' I beam-No. in-t b. 








60F 








SJB 






■ - . n.M 








trz' 




««fe load In net tons 


nniforinli- 


Fibre itrei 


u 1fi,«00 Iba. 


Fo 


r ■ losd in middle g 


bsani. aUow oneiulf of the Ubn 


nr load. 






Deflection for osnire 


ond will be /n of ihe Ijbuljir delle 








For figure, in 


mall (yi«defl6eU™iseia».lve. 






4»« 




KS 


Btami Jw'DhMhHhd laad'i 


&Z" " 








ISO 


ns 


10 

n 

12 


44.02 
40.02 
36.68 


.11 

;i6 


88.0 
72.7 
61.1 


70.4 
58.2 
48.9 


SS.7 
48.5 
40.8 


50.3 
41.6 
34.9 


13 
14 
15 


33.86 
31-44 

29-35 


^22 
.2S 


S2.1 
44.9 

mi 


41.7 
35.9 
31.3 


34.7 
29.9 
26.1 


28.8 
25.7 
22.4 




16 
17 
18 


27.S1 
25.ge 
34.46 


.29 
.33 
.37 


34.4 
X.5 
27.2 


27.5 
34.4 

21.7 


2z.g 

20.3 
18.1 


19.7 
17.4 
15.S 




19 

za 
a 


2317 
22.01 
20.96 


.41 
.46 
.50 


24-4 
22.0 
30-D 


19.5 
17,6 
16.0 


16-3 
14.7 
13.3 


13,9 
12.6 
11-4 




22 


20.01 
19.14 
18.34 


.65 
.60 
.66 


18.2 
16.6 
15,3 


14.6 
13.3 


12.1 
11.1 
10.2 


10,4 
9,5 

e.7 




SS 

2B 
27 


17,61 
ie.93 
16.30 


,71 
,77 


14.1 
13.0 
12,1 


11.3 
10.4 
9.7 


9.4 

8.7 
8,0 


B.l 
7,4 
S.9 


g 


aa 


15.72 
15.1B 


.90 
.96 


11.2 
10.5 


9.0 
8.4 


7!o 


6,4 
6.0 


\ 












' 


n.H LM 


«1 


i\ 


5.4 




i 
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- 
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15" I BBAM-No. las B. 










SS POUNDS PER FOOT. 






a§?. 










. . . Ifi,l8 








islrlbuted. 
one-hBlt 
Vor.he« 
iflecti™ is 




ttufglcHdinnettODs 

B loBd Id middle of 

Defi«tlon(or<«ntM 

ForflgurMins 


unitoralyd 
beam, ftlloT 
oad will be 
Dill typed 


Fibre atresa IG.OOO lbs. 
t the Ubular loid. ' 
iilar deaecUon. 




no. 






™«flm./w iS(r^B/(d i4d^ 


Jsftw. 


^'^^. 




prr Square 




ITS 


10 

11 

12 


38.60 
35.09 
32.17 


.11 

.14 
.16 


77.2 
53!e 


61.B 
51,0 
42.9 


51.5 
42.5 
35.7 


44.1 

38.5 
30.6 




13 
14 
IS 


29.69 
27.57 
25.74 


!22 


45.7 
39.4 
34,3 


38.5 
31.5 

27,5 


30,5 
28.3 
22,9 


2ai 

22.5 
19,6 




16 
17 

18 


24.13 

22.71 
21.45 


.29 
.33 
.37 


30.2 
26,7 
23.8 


24.1 
21,4 


20.1 
17,8 
15.9 


17.2 
15.3 
13.6 




20 
21 


mao 

18.38 


.41 

[so 


21.4 

las 

17.5 


17.1 
15.4 

14.0 


14.3 

12.9 
11.7 


■ 12.2 
11.0 
10.0 




22 
23 
24 


17.55 
16.78 
16,08 


.55 
.80 
.66 


ie.0 

14.6 
114 


ia.8 

11.7 
10.7 


10.6 
9.7 
8.9 


9J 

8.3 
7.7 




25 
26 

zr 


15.M 
14.85 
14.30 


.71 
.77 


12.4 
11.4 
10.6 


B.9 
9.1 
8,5 


8.2 
7.6 
7,1 


7.1 
6.5 
&1 




38 

30 


13.79 
13.31 


SO 
.96 


9.9 
9,2 


7,9 
7,3 


6,6 

6.1 


5.8 
S.2 














,/ 


31 
32 
33 


ii.;o 


til 


TB 


8.7 


1? 


4.1 


1 








M 


^^ 
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1 15" I BEAM— No. 154 B. 




1 »P„™,. ,.»„„, 








hs-! 






^z±::} 


are luolios 


* * ■ M H 








Cfnstnl aate losd In net tonfl 




Fibre ttre 


» 16.M0 lt». 




For ■ Jond lu middle d 


boam, sllon one-t»lf 


r tbe tabu 


ar load. 




Deflection for cenlre 


o.dwl11!«AofthfllabaWdeflc 






For figures in 


uu^llype deflection is 
















&tf,Uad 




"'TLSfiS^ 


tiled Load at Bcloir, 


■ »/N<lA«. 


100 


120 
P<m,nd, 


''"ibO!. " 


^S" 


10 
U 
12 


44.02 
40.02 
36.68 


.11 

;i6 


88.0 
72.7 
61.1 


70.4 
58.2 
48.9 


58.7 
48.5 
40.8 


50.3 
41.6 
34.9 


13 
14 
15 


33.96 
31.44 
29.3S 


.18 
.22 


52.1 
44.9 
39.1 


41.7 
35.9 
31.3 


34.7 

2e:i 


29.8 
25.7 
22.4 




16 
17 
18 


27.51 
85.89 
24.46 


:i 


34.4 
30.5 
27-2 


27.5 
24.4 
Z1.7 


23,9 
20.3 
18.1 


19,7 
17.4 
15.5 




HI 

s 


2317 
22.01 
20.96 


.41 

iso 


24,4 
22.0 
30.0 


19.5 
17-6 
16.0 


ie.3 

14.7 
13.3 


13,9 
12.6 
11.4 




n 


20,01 
19-14 
18.34 


.55 
.60 
.66 


18.2 
18-6 
15.3 


isia 

12.2 


12.1 
11,1 
10.3 


10.4 
9-5 
8.7 




1 


17.61 
16.B3 
16,30 


'.71 
.83 


14.1 
13.0 
12.1 


10^4 
9,7 


9,4 
8.7 
8.0 


7^4 
6,9 


i 


K 


15.72 
15.18 


.00 


11,2 
10,5 


9.0 
8,4 


7.5 
7.0 


6.4 
6.0 


\ 


^^ 
















B 


I4,» 


MO 


9,1 


7.11 


e.1 


S.2 




"_ 


...M 


1.M 


8.1 


6.B 


1L4 


\ "^ 
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15" I BEAM— No. 155 B. 
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All POUNDS PER POOT. 






SST 


-idth . . 


%t\i 


Biributed. 


aindhffli. 






tHfelDad 




Fibre strea 


«1S. 












D6fl«ti.>U 






For 


flgurea in emHll lypa deOecUop Is 


iresaiTe. 












StiTmt. 




OreoiMI BUbxiKt Jk Fat A/irwi 


ss 


J»/«cA«. 




ptrSfHare 


ISO 
Poundi 


par 


10 

11 
12 


45.96 
41.80 
38.32 


.11 

.14 
.16 


92.0 
76.0 
63.9 


73.6 
60.8 
51.1 


fil.3 
S0.7 
4Z.6 






13 
14 
15 


35.37 
32.84 
30.65 


.19 
.22 
.26 


54.4 
46.9 
40.9 


43.5 

37.6 
32.7 


aa.3 

31.3 
27.2 






16 
17 
IS 


28.74 
27.05 
25.54 


^33 
.37 


SS.9 
31.8 
28.4 


28.7 
35.5 
22.7 


23.9 

21.2 

iB.g 






19 
20 
21 


24.20 
21.89 


-41 
.46 
-50 


26.5 
23.0 
20.8 


18!4 
16.7 


17.0 
15.3 
13.9 






22 
23 
21 


20.90 
19.99 
19,16 


.55 
-60 


19.0 
17.4 

ie.0 


15.a 
13.9 
12.S 


12.7 
11.6 
10.8 






25 
26 
27 


13-39 
17.68 
17.03 


-71 

.77 
.83 


14.7 
13,6 


11.8 
10.9 


S.8 
9.1 
8.4 






30 


16.42 
15.85 


.90 
.96 


11.7 
10.9 


9.4 
B.7 


7.8 
7.3 








iM 


m 










31 


i 


l!l7 


00 


■is 


a,4 








~ 
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5" I beam-No. i«6 b. 






TO PODND9 FKE FOOT 






wS^h 








™ JQ squa 


Tf inchos .... 2a.s§ 








unlfdrmly d 


Gralennfelood 


n net lona 


l!itrlb.il«i. 


Fibre ilreii 18,000 lln. 






' llie labulsr loud. 




Drteqaoo 






ular deflection. 




For Bgnrci iu m 


mill] tjpe deflwlion ii « 


''™'"- 




JM. 


GnaU.1 




JHoMi/er DiilHbvUd Lead at Biteir. 


^^^^ 


-^ 


115 


lao 


'"jS'" 


IS 

11 

12 


51.11 
4&4S 
42.56 


.11 
.14 
.16 


102.2 
84.5 
71.0 


81.3 
67.8 
56.S 


68.1 
56.3 
473 


58.4 
48.3 
40.6 


13 
14 
15 


3B.3I 
36.51 
34.OT 


.19 
.22 

.26 


60.5 
52.2 
45.4 


43.4 
41.7 

36.3 


403 
318 
30-3 


34.6 

29.8 
28.0 




Id 
IT 
IS 


31.M 
30.06 
28.3S 


'.31 


39.9 
35.4 
31.5 


31,9 
23.3 
25.2 


aB.6 

a3.s 

2lXt 


2S.B 
20.2 

W.0 




19 

ao 

21 


26.60 
25.55 
24.34 


.41 
.46 


28.3 
25.6 
23.2 


20!* 
18.5 


18,9 
17,0 
15,5 


16.2 
14.e 
13.2 






23.23 

2l!30 


.55 
.60 
.86 


21.1 

17.8 


16.9 
15.5 
14.2 


14.1 
12.9 
11.8 


12.1 
11.0 
10.1 






20.44 
19.66 
18.93 


.71 
.77 
.83 


15.1 


13.1 

ia.1 
11.2 


10.9 
10.1 

B3 


9.3 
8,6 
8.0 


i 


1 » 


18.25 
17.62 


.90 
.98 


13.0 
12.2 


10.4 
9.7 


B.7 
8.1 


7.5 
6.9 


\ 


■ «u 
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!H 


i:E 


i: 


s 


" 
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15" I BEAM— No. 157 B. 
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^B POUNDS PER FOOT. 




Fluge 
Weblh 


wffllh . . . 




f5?lf 


rea m aqua 
jaUlanco 

stribuied. 


™ineh«. 




itaafeloid 


ulddle of beam. aLlu 


Fibre Blce« 16^11-. 
f the tabular load. 




aeliectlon 


roentrel 


ad will be A of tUe labuUr deflection. ) 




For 


giirislQ. 


mall lype dollBctlnn is eiMsrive. 






SitfeLoad 




Grcatal flfatanw it. Fetl Bav:ev< 
Beamr for DiitnlnMd Load nj 


sr" 


'i*r 


Pouiuti 


FDuwit 


ISO 
Poumli 


-Ftnmb 


10 
11 

12 


53^ 
4B.23 
44.21 


.11 

.14 
.16 


106.1 
87.7 
73.7 


84.9 
70.Z 
58.9 


70.7 
58.5 
49.1 


60,6 
50.1 
42.1 


13 
14 

13 


40.81 
37.89 
35.37 


.19 
.22 

.26 


62,8 
54.1 
47.2 


50.2 
43,3 
37-7 


41.9 
31:4 


35.9 
30,9 
27X) 


16 
17 
18 


33.16 
31.20 
29.47 


.29 
.33 
.37 


41.5 
36.7 
32.7 


33,2 
29-4 
26.2 


27,8 
34.5 
21,8 


23.7 

21J) 

ia7 


19 
20 

21 


27.92 
26.52 
25-26 


[46 
.50 


29.4 
265 
24.1 


23.5 
21.2 
19.2 


19.6 
17.7 
16,0 


16.8 
15,2 
13.7 


22 
23 

24 


24.11 

23.06 
22.10 


!eo 


21,9 
201 
18.4 


17.5 
1S.0 
14,7 


14.6 
13.4 
12.3 


125 
115 

105 


25 

27 


21.22 
20.40 
19.6a 


.71 
.77 
.83 


17.0 
15,7 
14.6 


13.6 
12,6 
11.8 


11.3 
105 
9.7 


9.7 
S3 


28 
80 


18.95 
18,29 


s 


13.S 
1Z.6 


10.8 
10,1 


9.0 


7-7 
■K2 














31 

S3 


17.11 
16,M 


IM 


8,7 


7.8 


6.S 




L a 


it_ 






BB 


^^m 
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16' I BEAM— No. 158 B. 








80 F 


JUITOS PER FOOT. 






Fluge wldlh . . 




■ b1 I i 


rea lo sriua™ InohBH .... 23,53 
cslaUince 103.18 

listrlbiilcd. Fibre Btreni 16,000 Ilii. 
> one-bBlf or tba tabuUr l<nd. 
/a of the tabular deBeetlon. 




Gmtest DBfe load In net toDB 

For > load in tDldille of 

Deflection tor centre 

ForfiBi.reBinB 


unirormlT 
hain., allu 
oad will be 
mill tj-pe d 




Gnalfl 




' Beamnjiir IHMribuM Laid aj 


B'^r-' 


s:;^' 




perS^nsre 


P"^^' 




10 

u 

12 


55.03 
50,03 

45.86 


.11 

.14 
.16 


110.1 
91.0 
76,4 


88.1 
72.8 
61.1 


73.4 
60.6 
51.0 


5210 
«.7 


13 

14 
IS 


42.33 
39.31 
36.69 


.19 
'.7S 


65,1 
56,2 
48,9 


52.1 
44,9 
39.1 


43.4 

37.4 
32,6 


37.2 
33.1 

2ao 




16 
17 
18 


34.39 
3Z.37 
30.57 


.29 


43.0 
38,1 
34,0 


34.4 
30.5 
37.2 


28.7 
25.4 

22.6 


24.6 
21.8 
19.4 




19 
20 


28.S6 
27.51 
36.20 


.41 
.46 
.50 


30,5 
27.5 
25.0 


24.4 

2o!o 


20.3 
18.3 
16.6 


17.4 
15.7 
14.3 




i 

1 


35.01 
23.93 
22.93 

22.01 
21.17 
20.38 


.55 
.60 
.06 

.71 
.77 
.63 


22,7 
20,8 
19.1 


18.2 
16.6 
15.3 


15.2 
13.9 
12.7 

11,7 

io!i 


13.0 
11.9 

10.1 
8!6 


i 


17.0 
15!l 


14.1 

12^1 


S8 
29 
3D 


19.65 
18.98 


.90 
.96 


14.0 


11.3 
10.5 


9,4 


8.0 


\ 
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3Z 

33 


n,?5 
II.20 
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S.8 
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12' X BEAM- 


No. 120 B. 






31.B POUNDS F 


ER FOOT. 




IfS^ 






4re.ln>qu.relDshe> ».» 








For > loid in miJdle of bam, ,11d 

Daaeetion for cent™ load »ill 1>e 

For fl(fore8 in amill tj!* 


iattlbuled. Fibre stress IB.ODOIla. 
, oDB-half of the tnbuUr load. 
'sDttheUboUrdeflMlion. 


s 


Onalat 




^Eomi for BiMiHbHliag Load u Beloa. 


BEE 


"'S" 






8 

g 

10 


'9-44 


.09 
.12 
.14 


60.B 
48.0 
38.9 


48.6 
38.4 
31,1 


40.5 
32.0 
25.0 


34.7 
27.4 
22.2 




11 

IZ 
13 


YlSl 
16.20 
14.95 


.17 
.21 
.24 


32.1 
27.0 
23.0 


25.7 
21.6 
18,4 


21.4 
18.0 
15.3 


18.4 
15.4 

lai 




14 
15 
16 


13.89 
12.98 
12,15 


.28 
.32 
.37 


19.8 
17.3 
15.2 


15.9 
118 
12,2 


13.2 
11-5 
10.1 


11-3 
9.9 
8.7 




17 
18 
U 


11.44 
10.80 
10.23 


.41 
.46 
.52 


13.S 
12.0 
10.6 


10.8 
9.6 
8.6 


9.0 
8.0 
7.2 


7-7 
6.9 
6.2 




20 
21 


9,72 
9.26 
8.84 


.57 


a.7 

8.8 
8.0 


7.8 
7.1 
6.4 


6.5 
5.9 
5.4 


5.6 
5^ 
4.6 




23 
2S 


8.45 


.78 


7,3 


5.9 


4.9 


4.2 , 


7.TB 


.as 


e.2 










20 
27 
2S 


it* 


i:i2 


Is 


i: 


i.a 


JB 


J 


29 


B.7* 

a,« 

6.87 


i.aa 

1.3ft 


H 


i; 


y 


1.4 
1.9 


H.R 


-t\.rloKJaKl™liiI 


olio w«Ib 
io oolumn 


uslbeiliai^diid. or kMdamuUnnl' 
XV,page=188.om. 
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35 POlTNDa PER FOOT 








ltona«i.'. -■-■.: 




"'-""■; 


. . . 10.29 
. . . 3&4B 




ll«h1«di[laettCD9 imiformlr dutribuled. 

( ■ load Id middU of bemni, slloir one-hBlC 

TXifleeUon loi motH Idad will 1» J>a of [he ta 

For Bgora Id imall type dtflMllou ia 


Fibre Mr™ Ifl.OOOllH. 








BanuM IHtriMfd Load i. 


Jiflmr. 


JXr 






160 


ITS 




.12 
.14 


64.2 

50.7 
41.1 


51.3 

40.e 

32.8 


42.S 
33.8 
27.4 


36.7 
29,0 
23,5 


mas 

17-U 
1B.TO 


.17 
.21 


33.9 
28.5 
24.3 


27.1 
22.8 
19.4 


22,6 

19.0 
16,2 


19,4 
16.3 
13.9 






3& 

37 


20.9 
18.3 
16,0 


16.8 
I2!8 


14,0 
12.2 


12.0 
10.4 
9.2 




n-41 

lOJD 


.41 

.46 
.52 


142 
12.7 
11.4 


11.4 
9^1 


9.5 
8.5 


8.1 
7.Z 
6,5 




^ 


SI 
.63 
.69 


10.3 
B.3 
8.5 


7:5 
6.8 


6.8 
6.2 
B.7 


5.9 
5.3 
4.8 


i 


a4i3 


.76 


7.8 


6.2 


5.2 


4.4 
















7.» 


L12 


il 


Z 


M 


S.S 


1 


T.H 
■.M 


l!w 


i; 


s 


10 


18 


i 


^ 1 



F 








12' X BBAM-No. 132 B. ■ 






,.™™.™.,„„. 1 




5SS 




"'■•"-■I 




Oiait« 


r ■ Iwul Id middle nt btnm, allan oDo-balf o 
DeflmUoD fur eenlre luad will be I'g of Ihe la 


Fibre atraal^ 
tlie Ubular load 
ular deBeoLloa. 


£ 


Sifttooci 
A'tl Tiiiu. 


DtJIccllim 


°"'f^M.M'^i'ib, 


Cd iLiMBrft 


^'- 


128 
PoKndl 


,£j, ^~ 




8 
9 

10 






OB 
12 
14 


76.3 
60.3 
48.8 


61.1 
48.2 


50.9 t 
40.2 ! 
32.6 




11 
12 
13 


22.20 
20 35 
18.78 




17 
21 
24 


40.4 
33.9 
S3.9 


32.3 

Si 


ae.9 

22.6 
19.3 




15 

16 


17.44 
ie.28 
15-2Q 




2S 
32 
37 


24.9 
31.7 
!9.1 


19,9 
17.4 
1S.3 


18.6 
14,5 
12.7 




18 
19 


14.36 
13.56 
12.85 




41 
48 
53 


16.9 
15.1 
13.5 


13,S 
12.1 
10.8 


11.3 
10.0 
9.0 


1 


20 
21 
22 


13.21 
11,63 
11.10 




57 
83 
69 


13.2 
11.1 
10.1 


9.8 
8.9 
8.1 


8.1 
7.4 
6.7 




24 
25 


10.62 




76 


g.2 


7,4 


6.2 


'bjJ 














2S 

27 
28 


S.3S 


1 


I 


t.l 


M 


4.« 




28 
30 
31 


8.« 


i 


I 


its 


r. 


>> 


i ' 


ticifi 




!Ded,orla>^ 


t 




u 




^ 










^^^H 


^^^M 


^^^^^1 



12" I BEAM- 


-No. 123 B. 





4a POUNDS F 


ER FOOT. 






■fni 




. . laas 




iHlstaDce 










^BuTelgnd In net Innii UDirunuIr diatrlbulcd, Fibre itre 
Er u iama In middle o( hesm, ullov oua-faair u( the tsbul 
'^DeflMllBB tor oentK l<«d Kill be ys "f Ibu lobular defl«! 


u IG.IMOlUs. 
rioad. 




fffiE 


"'-Z'.' 


M'sMbJ'.! lJZ"a. 


ar" 






p^Zu 


-#. 


32.47 
28.86 

25.98 


.09 
.12 

.14 


81.2 
64.1 
52,0 


64.9 
61.3 
41.6 


54.1 
42.8 
34.6 


46.4 
36.7 
29.7 


23.62 

21.65 
19.98 


,17 
[24 


30.7 


34.4 
28-9 
24.6 


28.6 
24-1 
30,5 


24.5 
20.6 
17-6 


18.56 
17.32 
ia.24 


.28 

.32 
.37 


ae.5 

23.1 
20.3 


21.2 
18.5 
16.2 


17.7 

15.4 

. 13.5 


15.3 
13.2 
U.6 


15.28 
14.43 

13.67 


.41 
.46 
.52 


18,0 
16.0 
14.4 


14,4 
12.8 
11,5 


12.0 
10.7 
9.6 


10.3 
9.2 
8.2 


12.99 
UM 
1L29 


.57 
.63 
.69 


13.0 
11.8 
10.7 


10.4 
B.4 
S,6 


8.7 
7.9 
7.2 


7.4 
6.7 
6.1 


.78 






















Bias 


.97 


sa 


li 


!:' 


3,8 




L37 


"A 


F: 


a.8 


S.B 


1 - ■ 


^ 


« 




■ 






^^^M 


^^^M 


^^^H 


^^^^^^H 



13" I BEAM— No. 124 ] 

60 FOruDS PER FOOT. 



GicotHt safe load jn j 



uniroriDlT diitribuled. Fibre 



>r figures in amsll type deflactlun 





SaS'.Load 






Ud Jjx-t u 






^^^ 










8 
8 

10 


38.90 
32.80 
29.52 


.OB 
,12 
.14 


92.3 
72,9 
59.0 


738 
58.3 
47.2 


61.5 
48.6 
39.4 


52,7 
41.T 
33.7 


11 
12 
13 


29.83 
24.60 
23.71 


.17 
.21 
.21 


43.8 
41.0 
34.9 


318 
2S.0 


32-5 
27.3 
23.3 


27,9 
23,4 
20,0 


H 

15 
16 


21.08 
19.68 
18.45 


.28 
!37 


30.1 
26.2 
23.1 


24.1 
21.0 
18,5 


20.1 

17.5 
15.4 


17J 
15A 

13.2 


17 
18 
19 


17.36 
18.40 
15.54 


'm 

.52 


20.4 
18.2 
16.4 


16.3 
14.8 
13.1 


13.6 
12,1 
10.9 


11.7 
10.4 
S3 


21 

22 


14.78 
14.06 
13.42 


.57 
.63 


14-8 
13,4 
12.2 


11,8 
10.7 
9.8 


9.8 
8.9 
8.1 


8.4 
7.7 

7J) 


23 


12.83 


.76 


11.2 


s.g 


7.4 


U 


24 

26 




.3» 










26 
27 
28 


»" 


i:« 


?:5 


11 


Vi 


4,1 


29 
3D 

SI 


9! S3 


LJ7 


ii 




S 


1.S 







18' 1 BEAM— No. 135 B. 






S5 POUNDS PER FOOT. 












roalnBguBreiduliea.. 


: : : 6LM 




WcknaH. . 


;:.:; : : s,k I 


Wsiif8loB<iinD«toi.. HDifomilrcliatrlbuled. Ffbreatrei 

tr I li»il In middle a( beam, allow DDe-balf □( tbe tabpl 

; Deflectlou for centre load wUL be ^ oftbe tabulur deHoc 

For Bgurea In suisLJ type deflection i> eictsslve. 


BlG.OMlbs. 
IT load, 
on. 










Sreute'l IHilana i« Feel Beh.-ce7 
Banal jor Oiilribnlcd L-«id n. 


Mo" "^ 




ptr Square 


150 


"ZT" 




40.90 


.09 
.12 
.14 


102.3 
80.8 
65.4 


81,8 
64.6 
52,4 


43.6 


58.4 
46.2 
37.4 




IS 

K.17 


.17 

S 


5i.l 
45.4 
38.7 


43.3 


36.0 
30.3 
25.8 


30.9 
28.0 
22.1 






23.77 
2L81 
20.4S 


.28 

.32 
.37 


33.4 
2e.l 
25.6 


26.7 
20!5 


22.3 
19.4 
17-0 


19.1 
16,6 
14.6 






19.H 

18.17 
17.23 


.41 

.46 
.52 


22.6 
20.2 
18,1 


18,1 
16,2 
14,5 


15.1 
13.5 
12.1 


12,9 
11.5 
10.4 






ia.38 

s 


.57 
.63 
.69 


16.4 
14.8 
13.5 


13,1 
11,9 
10,8 


10,9 
9.9 
9,0 


9.4 
8.5 
7.7 






1122 


.76 


12.4 


9.9 


8,2 


7.1 






18. m 














1S.M 
U.U 


.91 


M 


?,7 


11 


ft.S 






uut 


1.M 


11 


5 8 


0.2 


4.4 





IS* X BRAX—iro^ 196 B. 




IB mm 
is middle of 
Deflcdkm Ibrenitre 
Forigunsia 



Fibre atren 16, 
aUov oM^Hlf of tbe tabular loi 
win ba 1^ of tbe tabular deflectioii. 
tjpa dfAectioB is « 



Feet 



8 

9 

10 

11 
12 
13 

14 
15 
16 

17 
18 
19 

20 
21 
22 

23 
24 
25 

26 
27 
28 

29 
30 
31 



Gmtesi 


1 

Dejlettiom 
im Inches. 

1 


Grtmiai Ditiamn im Asl Between Os 
BemmsM JMalnbmied Load a* Be 


im 
yet Tbms. 


100 1 IS 

ferSqmmn perSfmwre 


150 

J^mndt 

perSqmare 

Fktot. 


Fi 


42.86 
38.10 
34.29 


i .09 
.12 
.14 


107.2 
84.7 
68.6 


85.7 
67.7 
54.9 


71.4 
56.4 
45.7 




: 31.17 
. 28.58 
! 26.38 


.17 
21 
.24 


56.7 
47.6 
40.6 


45.3 
38.1 
32.5 


37.8 
31.8 
27.1 




24.49 
i 22.86 

1 21.43 

1 


.28 
.32 
.37 


35.0 
30.5 
26.8 


28.0 
24.4 
21.4 


23.3 
20.3 
17.9 




1 

20.17 
19.05 
18.05 


.41 
.46 
.52 


23.7 
21.2 
19.0 


19.0 
16.9 
15.2 


15.8 
14.1 
12.7 




17.15 
16.33 
15.59 


.57 
.63 
.69 


17.2 
15.6 
14.2 


13.7 
12.4 
11.3 


11.4 

10.4 

9.4 




14.91 


.76 


13.0 


10.4 


8.6 




14.2^ 


M 


iU 


d.S 


U 




18.72 


.89 


11.0 


8.8 


7.3 




18.19 


.97 


10.1 


8.1 


6.8 




12.70 


1.04 


9.4 


7.5 


6.3 




12.25 


1.12 


8.7 


7.0 


6.8 




11.82 


1.20 


8.2 


6.6 


6.4 




11.43 


1.29 


7.6 


6.1 


6.1 




11.06 


1.37 


7.1 


5.7 


4.8 





ee 



!" I BEAM— No. 127 B. 

aa FOUKDS FEB FUOT. 



Weil lb Id 



Ijdist 


billed. 


FIbr," , 




Blluw 




tbe lal 




i«A 


»f the tab 


lardo 






"■"""" 


e™i.« 






flC! ill n 






BHW/OT 
















10' I beam-No. lOo b. 








as POUNDS PER FOOT. 






QreiUi 




rnlDBqLmrelnobei . 






I anre loBd In net loM uniturnilj dWrihuled. Iilbre nlnv 
■ Jond In middla of beam, allov onu-biilf of the tabu 


iBlCOWIba 
r load. 






DBHtrtinn for Kolro loaa -m b8 A of Ibo tabular defla. 








Fur liHuroj In smnll Ijpc doflwlion ia eioeasi»e. 




S 


Ortalal 
NtlTM.. 


Ot/heHim 


Gnalrtl DMmee in Frrl BeMin 
Bca<aifor IHilrib^ed Load a. 


a^trant 


F<m«d4 

"ST- 






-^ 


s 

e 

10 


16.41 


.U 
.14 
.17 


41.0 
32.4 

26.3 


32.8 
25.9 
21.0 


27-4 
21.6 
17,5 


23.4 
18.S 
15.D 




11 

12 
13 


11.03 
lO.M 
10,10 


.21 
.25 


21.7 
1B.2 
15.5 


17.4 
14.6 
12.4 


14.5 
12.2 
10.4 


12,4 
10.4 

as 




14 
16 
18 


ft7S 
8.20 


.34 
M 


13.4 
11.7 
10,3 


10.7 
9.3 
8.2 


8.9 
7.8 
6,8 


7.7 
6.7 
5.9 




17 
18 
19 


7.72 
7.29 


.50 
.56 


e.i 

8.1 


7.3 
6.5 


6,1 
5.4 


5.2 
















20 
21 
22 


6,2» 


!76 


ao 


is 


t'. 


a.T 




24 

25 


571 


J 


fiO 


al 


H 


1.1 




36 
28 


t.^ 


1.18 


S 


11 




2X 
1.1 
1* J 


! 

i 


29 

30 
31 


4.8S 

4.n 


I'.W 


K 


1! 


S.1 

l'.8 


"1 




-For loads ^iven In Italics "eba must ho stlffani^, or loar 
umilmam Joadi giTED In ouluma XV, page IBl. 


. ,...i<.i' 


1 




ca 



















l<r Z BEAM— No. 102 B. 



35 POUNDS FKB VOOT. 



KImiikm width . 
W(!h tlilckneiui. 



5.00 
0.44 



Azcm in iqiian indiM 
Bettetenoe 



SS 



(irtiuu-Ht Nafe load in net tons uniformly dirtiibated. Fibre atren 18,009 II|l 
Kor a load in middle of beam, allow one>haIf of the tabular iced. 
Deflection for centre load will be ^^ of the tabalar deflectJoii. 
For flgurcs in small type deflection is 



Sjitin 

in 
Int. 



H 

{) 

10 

11 
12 

i:{ 

14 

l.'> 
If) 

17 
1« 
19 

20 
21 
22 

23 
24 
25 

26 
27 
28 

29 
30 
31 



(irratesl 

'■ Sttjt lAMd 

in 
Net TimA. 


Deflection 
in Inches. 

.11 
.14 
.17 


Oreatetl DiMance {» FM Beiweem OaUru tf 
Beam* for Distributed Load as Bebm. 


100 

Pounds 

per Square 

Foot. 


125 

Pounds 

per Square 

FooL 


150 

Pounds 

perSquare 

Fktot. 


m 

per Squtn 


21.75 
19.34 
17.40 


54.4 
43.0 
34.8 


43.5 
34.4 
27.8 


36.2 
28.7 
23.2 


31.1 
2i6 
lft9 


15.82 
14.50 
13.39 


.21 
.25 
.29 


28.8 
24.2 
20.6 


23.0 
19.3 
16.5 


19.2 
16.1 
13.7 


1&4 
13^ 
1L8 


12.43 
11.60 
10.88 


.34 
.39 
.44 


17.8 
15.5 
13.6 


14.2 
12.4 
10.9 


11.8 

10.3 

9.1 


10.1 
8.8 
7.8 


10.24 
9.67 


.50 
.56 


12.0 
10.7 


9.6 
8.6 


8.0 
7.2 


6J) 
6.1 


\iM 


.aii 


H 


7.7 


«.4 


M" 


H.70 


.69 


8.7 


7.0 


5.8 


6.0 


8. 'it* 


.76 


7.9 


6.3 


5.8 


4.5 


7.91 


.83 


7.2 


5.8 


4.8 


4.1 


7.57 


.91 


66 


5.3 


4.4 


18 


7.25 


.99 


6.0 


4.8 


4.0 


15 


0.96 


1.07 


5.6 


4.5 


8.7 


12 


r).f>9 


1.16 


51 


4.1 


8.4 


2.9 


r..45 


1.25 


4.8 


3.8 


8.2 


2.7 


(J. 22 


1.34 


4.4 


3.6 


8.0 


2Ji 


6.0() 


1.44 


4.1 


8.3 


2.8 


14 


5.80 


1.54 


3.9 


8.1 


2.6 


2.2 


5.61 


1.65 


3.6 


2.9 


2.4 


2.1 



70 



10" I BEAM— No. 103 B. 

» POUNDS FEB FOOT. 



nmnge 
■Webih 








.«,n.be,. 


. . . 11.76 






ietrlbuled. 

Vottheta 
Unction Is s 


ulelaidiaD«ttoD> 

1 load in middlfl of 

DeaooUotiforMntre 

ForQgureilnB 


uniformlr J 

Bd win be 
mall tTpo d 


Flbre>trewlB,OMlbs, 
flbautaular load. 




Grcalut 






ltd Loadai 


££■■' 


inl^the.. 




Pounds 


Pou«d, 


fboL 

33.4 
26.4 
21.4 


8 
9 
10 


23.40 

ao.ao 

18.72 


.11 
.14 
.17 


68-5 
46.2 
374 


46.8 
37,0 
30.0 


39.0 
30.8 
25.0 


11 
12 
13 


17,03 

ia.so 

14.40 


.21 
.25 
.29 


30.9 
2S.Q 
22.3 


24.8 
20.8 
17.7 


20.6 
17.3 
14.8 


17.7 
14.9 
12.7 


M 
15 


13.37 

ia48 

11.70 


.34 
.39 
.44 


13.1 
16.6 
14.6 


15.3 
13,3 
11.7 


12.7 
11.1 
9.7 


10.9 
9.5 
8.4 


17 
18 


11.01 
10.40 


.50 
.58 


13.0 
U.6 


10.4 

g.2 


8.6 
7.7 


7.4 
6.6 
















21 
22 


&H 


.(F9 
.IS 


9.4 


s 


li 


4.8 


.3 


7M 


,i 


s 


fl.2 


i; 


4.0 


V 


a:™ 


\M 


" 


sis 


&i 


17 


P 


i 


i;S 


H 


3.6 


S 


■IS 

\ 



0^ Z BEAM— No. 00 B. 



SI POUNDS PBB FOOT. 



Flange width 4.88 

Web thickness. 0.29 



Area in square inches. 
Besistanoe 



Oreatest safe load in net tons aniformlj distributed. Fibre strees 16,0 
For a load in middle of beam, allow one-half of the tabular loe 
Deflection for centre load will be -^ of the tabular deflection. 
For figures in small type deflection is exoesslTe. 



in 
Feet. 


Greatett 
Sqfe Load 

in 
Net Tons. 


Deflection 
in Inches. 

.07 
.09 
.12 


Oreatest Distemee in Feet Between Cent 
Beams for Distributed Load as Belou 


100 

Founds 

per Square 

Foot. 


125 

Pounds 

per Square 

Foot. 


150 

Founds 

per Square 

Foot. 


1 
Pot 

per II 

F 


6 
7 
8 


16.78 

J 4-37 
J2.S9 


55.9 
41.1 
31.5 


44.7 
32.8 
25.2 


37.3 
27.4 
21.0 


1 

i 

i 


9 
10 
11 


11.10 

10.07 

9.15 


.15 
.19 
.23 


24.9 
20.1 
16.6 


19.9 
16.1 
13.3 


16.6 
13.4 
11.1 


4 


12 
13 
14 


8.39 
7.74 
7.19 


.27 
.32 
.37 


14.0 
11.9 
10.3 


11.2 
9.5 
8.2 


9.3 
7.9 
6.9 




15 
16 
17 


6.71 
6.29 
5.92 


.43 
.49 
.55 


8.9 
7.9 
7.0 


7.2 
6.3 
5.6 


6.0 
5.2 
4.6 




18 
19 
20 


5.69 
5.30 
5.03 


.62 
.69 
.76 


62 
5.6 
5.0 


5.0 
4.5 
4.0 


4.1 
3.7 
3.4 




21 
22 
23 


4.79 
4.58 
4.38 


.84 

.92 

1.01 


4.6 
4.2 
8.8 


8.6 
3.3 
3.0 


8.0 
2.8 
2.6 




24 
25 
26 


4.19 
4.03 
3.87 


1.10 
1 19 
1.29 


3.5 
8.2 
3.0 


2.8 
2.6 
2.4 


2.3 
2.1 
2.0 




21 
28 
29 


3.73 
3.60 
3.47 


1.39 
149 
1.60 


2.8 
2.6 
2.4 


2.2 
2.1 
1.9 


1.8 
1.7 
1.6 





N. 6. — For loads given in Italics webs must be stiffened, or loads mi 
exceed maximum loads given in column XV, page 191. 



ia 



9" I BEAM— No. 91 B. 

as FOirNi>B PER FOOT. 

nuge -Idlh l,tl I Am in squBre inchai . . . 

Wab tbickoewi U.^ | RciiaUDce 

OnatestsoreloidinnclloDS unlformL)' distiibuled. Fibre Btnw 16, 

Fnr ■ loud ID mldiilB of besm, allow ous-hair of tbe lubulsr Is 

DeHeellOB for ceqire lo«d will be tV of ">« Ubulsr daBootlon 





SlfrtouJ 


' 


Orraleat DUIance in Fat Sclircc 
Beaniifor J}IHrlb«lnt Load at 


i^r^ 






IM 


''"fho""" 


ftlJmi. 


7 
B 


18^ 
15.73 
13.75 


.07 
.09 
.12 


61.1 
44.9 
34.4 


48.9 
35,9 
37.5 


40.8 
29.9 


34.9 
25.7 
1B.7 


e 
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7' X BEAM— No. 70 B. 



IS POUNDS PER FOOT. 



FUnge width i.96 

Web thickness 0^ 



Area in square inches 
Rfsintjmrif 



4.41 

ia4i 



Greatest safe load in net tons uniformlj distributed. Fibre stress 16,000 Ibs^ 
For a load in middle of beam, allow one-half of the tabular load. 
Deflection lor centre load will be -fig of the tabular deflection. 
For figures in small tjpe deflection in excessive. 



Span 
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Feet. 
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11 
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14 

15 
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17 
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19 
20 
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SqfeLoad 
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Greatett Distance in Feel Between Centres qf 
Beams for JHsirtbuted Loads as Below. 
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in Inches. 
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Pounds 
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5.07 

4.65 
4.29 
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3.49 
3.28 

aio 

2.94 
2.79 

2.66 
2.54 
2.43 

2.32 
2.23 
2.15 

2.07 
1.99 
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.09 
.12 
.16 

.20 
.24 
.30 
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^48 
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.71 
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.88 
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1.92 
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17.4 

13.8 

11.2 

9.2 
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6.6 
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18.2 
13.9 
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8.9 
7.4 
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5.3 
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4.4 
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8.4 
3.1 

2.8 
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5.3 
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1.6 
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N. li— For load given in Italics web must be stiffened, or load must not 
exceed maximum load given in column XY , page 191. 
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14.75 POUNI>S FEB FOOT. 



Flaofe width 8.44 

Webthicknen a84 



Area in square indMB 
Resistance 
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Orestest safe load in net tons nniformlj distributed. Fibre stress 16,000 B& 

For a load in middle of beam, allow <Hi»-half of the tabular load. 

Deflection for centre load will be ^ of the tabular deflection. 

For figures in small type deflection is exoessiTe. 
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IJI 



S.1I 





I 


r 

6" I 


BEAM— No. 63 B. 






37.1 POCNU9 PER FOOT. 










-. "-Jit 1 t':^.^Tr 


ucbu .... 10,9S 




' ■ load Id middle 


lunlfoTulydlitribuUKL Fibre itcesa III.IXIO Iba. 
C beuu, slluw oDQ-liim o! the tabular land. 

load-illbe AofthoUbulor dellectlon. 

nuBll trpe deBeetlDi. is. fli«»iv«. 




i 


1 


s 


"■^Srl.'S"'^ 


Mi 
ill 








178 
ft««rf. 

fbol. 


68 


SO 


JO 
.14 
.18 


S5.e 

40.9 
31.3 


44.S 
25!o 


37.1 
27,3 
20.S 


31.8 
li.9 


87,11 
64,00 
4S,00 


la 

01 
10 




17 
16 
14 


.23 

!35 


24.7 
20,0 
16.5 


19.8 

ie.0 

13.2 


1S.5 
13,3 
11,0 


14.1 
11,4 
9,6 


38,72 
31,36 
25.92 




70 




i: 


.48 
.66 


u'.i 


82 


S8 


6.i 


iaoo 


67 




03 


.64 
.73 


7,'b 


0-6 


8" 


40 


12]2S 




«7 
OS 




H 


.91 


ils 


4.1 


3.7 
3.3 


12 


H,fi9 




7 




OS 




A.S 




as 


2,4 


s!48 


1 


17 




OS 

w 


i.ts 


112 


2.4 


21 


2.0 


IS 


1 


i 




JX 

» 


IM 


2.4 


2 


!> 


!:! 


4,30 

4.oa 


J 




















m 



■ 




^ 






6 


X BEAM.— No. 67 B, 












LEAST 8B0TION. 














41.0 


POUNDS PER FOOT. 








annt«et ufe 

For > )p 

Defle. 








oben . 


■ ■ «s 






uolformly dl>trlb 
bHvm, >]lo» one- 
load will be A of 
«i.lU7p.d8a»ctl 




«1 in middle g 
llor,for«nlM 
Forflgursln 


uWd. Fibre slHM 
huir of the lataulB 
hetibnUrdellBcll 


Irud. 


1 
1 


1 






Oreateit Diilance <« Fi'l 


Bitmm 


Hill 

li 


100 126 


A 

%.?' 


fttmdi 
perSg. 


6 

I 


18.93 
16.22 

14.1B 


.26 
.22 

.20 


.10 
.14 

.18 


63.1 50.5 
46.3 37.1 
3S.6 28.4 


42.1 
M.9 

23.7 


36.1 
26.5 
20.3 


87.11 
S4.D0 
49.00 




9 

10 
11 

12 
13 
14 


12.62 
11.38 
10.32 


.17 
.16 
.14 


!29 
.35 


28.0 22.4 

22.7 1B.2 

18.8 15.0 


18.7 
15.1 
12.5 


13!o 
10,7 


38-72 
31.36 
25.92 


l.t 


:l2 


'.IS 


ii4 
I1.B 


1!6 
9.3 


":S 


0.B 


11.M 




15 
18 
17 


7.87 
•6M 


:« 


.S3 


';;: 


is 


t.1 


Rl 


lUI 

119 
10. U 




IS 
19 
30 


S.9S 


.OB 

.'oa 


.93 
1.03 
1.14 


s 


4.fl 


4.7 
B.S 


fi 


on 




21 
22 


i.ie 


;i 


1.M 

1.38 


« 


li 


t.4 


a.11 


7.11 

OJft 




S4 
25 

26 


4.87 


.08 


L93 


is> 


g.i 


1.1 

1.4 
2.2 


IS 


6.4t 
B.«! 
4U 




27 
28 
3S 


«.06 


.06 
.OS 


1.40 


iS 


!.( 


1.1 


!i 


4.lt 


/ 


J 


K 








» 




J 


^^ 




=^ 




"1 


^^H 


^^^1 





H 


&» I 


BEAM— No 


67 H 








GREATEST SECT 


ON. 








46.1 


POUNDS PER 


FOOT. 














square 


BOhffl . . . . 135fi 


\ 




Diddle 
garegin 




uie loud in 
RlDkdlo 


f bram, 8]]Q* ono-hBir of the Iiib,.ler iJsd. 
load will bo ]^ oflhe tubular dElieellon, 
BinaU tf pe deflecUou Is exceulie. 




i 


i 


5 _ 


"^"S-i?" 


ZZ"' 


If 


100 






Pmmda 


.2G 


.10 
M 
.18 


67.5 
49.6 
38.0 


&4.0 
30!4 


45,0 
33.1 
25.3 


38.6 
28,3 
21,7 


87.11 
64.00 
49.00 


£1 

.16 
A5 


.17 

.16 


.23 
.29 
.35 


30,0 
34.3 
20-1 


24.0 
19,5 
16.1 


20,0 
16.3 
13-4 


17.2 
13,9 
11.5 


38.72 
31.36 
25.92 




.13 


1 


B8 


\T* 


III 


"1 


7.1 


isisfi 


JO 


:^ 


:m 


Vb 


?.fl 


tl 


Is 


10.84 






.09 
.08 


.93 


I'l 


t: 


1.5 


H 


;:i 






.07 
.01 


1.M 
1.38 


*.e 


S-7 


3.1 


i!s 


its 


{ 


g 




]-^ 


s 


M 


■tA 


ii 


4,6* 


1 




.ot 

'm 


2.09 


a? 


25 


s 


i1 


8,73 


i 












1 


^ 




■9 





















H" X B£AM— No. 50 B. 



9.75 POI7NI>S PKR FOOT. 



Area in sqoare indiM S.87 

RoBistanoe 4.88 



Flange width 9L00 

Web thickness. 21 



Greatest safe load in net tons uniformlj distributed. Fibre itreas 16,000 Iba 
For a load in middle of beam, allow one-half of the tabular load. 
Deflection for o«)tre load will be -ii^ of the tabular deflection. 
For figures in small tjpe deflection is ezcesslre. 









QreaUsi IHsUmce in IM Between 


Centres fif 


Span 


Or«tUe*t 
Safe Load 


Defleetim 


Beamu /or JHsirHmted I/>ttd as 


Below. 










in 


in 


in Incke*. 


100 


125 


150 


176 


Feet. 


Net Tims, 




Pounds 


Pomnds 


Pounds 


J^UfMlt 








per Square 


per Square 


per Square 


per Square 








Foot. 


/bo/. 


/bo/. 


Ihot. 


4 


648 
5.17 


.05 


32.4 


25.9 


21.6 


18.5 


5 


.09 


20.7 


16.5 


13.8 


11.8 


6 


4.31 


.12 


14.4 


11.5 


9.6 


8.2 


7 


3.69 


.17 


10.5 


8.4 


7.0 


6.0 


8 


3.23 


.22 


8.1 


6.5 


5.4 


4.6 


9 


2.87 


.28 


6.4 


5.1 


4.3 


3.6 


10 


2.59 


.84 


5.2 


4.1 


8.5 


8.0 


11 


2.85 


.41 


4.8 


3.4 


2.8 


2.4 


12 


2.16 


.49 


ao 


2.9 


2.4 


2.1 


13 


1.99 


.58 


8.1 


2.4 


2.0 


18 


14 


1.85 


.67 


2.6 


2.1 


1.8 


1.6 


15 


1.72 


.77 


28 


1.8 


1.6 


1.8 



5' X beam-No. 51 b. 

1X.25 POUXDS PBR FOOT. 



Flange width 8 

Web thickness 



14 I 
85 I 



Area in square inches 8.60 

Resistance 6.46 



4 


7.29 


.05 


36.5 


29.2 


24.3 


20.8 


5 


5.83 


.09 


23.3 


18.7 


15.5 


13.3 


6 


4.86 


.12 


16.2 


13.0 


10.8 


9.3 


7 


4.16 


.17 


11.9 


9.5 


7.9 


6.8 


8 


3.64 


.22 


9.1 


7.3 


6.1 


5.2 


9 


3.24 


.28 


7.2 


5.8 


4.8 


4.1 


10 


2.91 


.34 


5.8 


4.7 


8.9 


8.8 


11 


2.65 


.41 


4.8 


8.9 


8.2 


S.8 


12 


2.43 


.49 


4.1 


8.2 


2.7 


2.8 


13 


2.24 


.58 


3.4 


2.8 


2.8 


2.0 


14 


2.08 


.67 


3.0 


2.4 


2.0 


1.7 


15 


1.94 


.77 


2.6 


2.1 


1.7 


16 



N. B.— For loads given in Italics webs must be stiffened, or loads must not 
xceed maximum loads given in column XV, page 191. 
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S" I BEAM— No, S2 B. 




fiiSa:; 


8,28 1 a™ in KiuBreinche. 


. . . iM 


rur . J<«d ia 
Deflection 


middle of b<*m. allow ooB-half of the Istol 
or centra load will bo i";! of the tabular deHetl 
ligurai in Bmall Ifpe d^Dectlnn l» eicessiie. 


■sie,OMiU 






GrMteal Dlrlann in Fixl Bcljcem 


tkntrtf cf 


Fmnds 


"S" 






6.10 
6.48 
6.40 


.05 
.03 

.12 


40,5 
25.9 
18,0 


32.4 
20,7 
14,4 


27-0 
17.3 


23.1 
14,8 
10.3 


4.63 

4.05 


.17 
.22 

.28 


13,2 
10.1 
8.0 


10.6 
6.i 


8.B 
6.8 
5.3 


7.8 
5.8 
4.8 


3.70 


!«i 


as 


-LS 


H 


2:i 


2.4» 


:^ 


11 


18 


" 


. L- ■ 


iM 


:^ 


M 


i.» 


lis 


1.1 


15 


!:"? 


1.^ 


\i 


u 


'i 


IJS 


13T 


iii 


"s 


i 




I.BS 


2.60 


'1 


;! 


' 


\ ^ 


« 


^ 1 















4'' X BEAM— No. 40 B. 



7.5 POUNDS FEB FOOT. 



Flange width 2.66 

Web thickneM 19 



I 



Area in square indiea. 
Beaiatanoe. 



1» 

1S6 



Qi eatest safe load in net tons nniformlj distributed. Fibre streaa 16,000 Iba 
For a load in middle of beam, allow one-half of the tabular load. 
Deflection for centre load will be i^ of the tabular deflection. 
For figures in small type deflection is ezcessiTe. 



Span 

in 

Feet. 



4 
5 
6 

7 
8 
9 

10 
11 
12 

13 
14 
15 



Greatest 
Saje Load 

in 
Net Tons. 

3.93 
3.15 
2.62 


Deflection 
in Inches. 

.on 

.11 
.15 


Greatest Distance in Feet Beitoeen Omires tf 
Beams /or Distributed Load a* Below, 


100 

Pounds 

per Square 

Foot 


126 

Pounds 

per Square 

Foot, 


150 

Pounds 

per Square 

Foot. 


176 

Pounds 

per Square 

FooL 


19.7 

12.6 

8.7 


15.7 

10.1 

7.0 


13.1 
8.4 
5.8 


11.2 
7.2 
5.0 


2.25 
1.97 


.21 
.27 


6.4 
4.9 


5.1 
3.9 


4.3 
3.3 


3.7 
2.8 


1.75 


.M 


S.d 


8.1 


2.4 


13 ' 


1.67 


.48 


8.1 


2.6 


2.1 


1.8 


1.43 


.52 


2.6 


21 


1.7 


1.6 


1.31 


.62 


2.2 


1.7 


1.6 


1.2 


1.21 


.72 


1.9 


1.6 


1.2 


LI 


1.12 


.84 


1.6 


1.8 


1.1 


.9 


l.Ofi 


.96 


1.4 


1.1 


.9 


.8 



4" Z BEAM— No. 41 B. 

8.5 POUNDS PKR FOOT. 



FlaiiKO width 2.72 I 

Web thickncsH 26 | 



4 


4.19 


.07 


21.0 


5 


3.36 


.11 


13.4 


6 


2.80 


.15 


9.3 


7 


2.40 


.21 


6.9 


8 


2.10 


.27 


5.3 


9 


l.M 


.M 


4.1 , 


10 


UUi 


.4a 


8.4 


11 


l.;V2 


.52 


18 i 


\1 


1.40 


.63 


2.8 1 


U 


!.in> 


.72 


2.0 


14 


l.Jl> 


.84 


1.7 


16 


1.12 


.i>6 


1.6 



Area in square inches 
Resistance. 



16.8 

10.8 

7.5 



8JI 




9^ 



4" 1 BEAM— No. 43 B. 

B,S POUNDS PER TOOT, 

2.7S I jtimlnsquHreincbM. . . . 

32 I Kesiat»BOB. 

■d in net toos uniformlr dlBtrtbuted, Fibre stress Ifi, 
Id middle a( bssu, nJlow oiie-bslf of ib« Ubulu k 
laiu! will be 1% oC t)>e tttbulnr dellHstion. 



Forflguresinsi 


[niilltyi«d 


H..tlool,e 


,»«ive. 








GtwiImI IHHanrt in 


Fetl BeUnte 


ftBi™ Kf 


lOO 
per Sjuum 


Peruvian- 


Poundi 


psrSjMo™ 


4.45 
3.56 
2.B7 


.07 
.11 

.15 


14!2 
B.9 


17.8 

710 


14.8 
9,5 
S.8 


12.7 
8.1 
5.7 


2.55 
Z23 


.21 
.27 


7.3 
5.6 


5.8 
4.5 


4.9 
3.7 


4.2 
3.2 














L78 
1.49 
l.tt 




3,B 


2.8 
2.(1 


H 


2,0 




,72 


1,1 


LB 


iii 


':! 


< 


t- I BEAM— 


No. 43 


B. 




_ 


lO.B POtWBS P 


IreaiQ aqu 


.'rei-obe. 


















4.71 
3.77 

ai4 


.07 
.11 
.15 


23,6 
15.1 
10.5 


1B.B 
12,1 
8.4 


15.7 
10.1 
7.0 


13.5 
8.8 

a.o 


^ 


.21 
.27 


7.7 
5.9 


5.2 
4.7 


5.1 
3.9 


4.4 

3.4 














1.71 


.« 


31 


i; 


21 


1.1 


1.45 

tie 


.96 


H 


lis 


ii 


I'l 















S" Z B£AM— No. 30 B. 

5.5 POUNBS PKR FOOT. 

Flange width 2.33 I Area in square inches 1.0 

Web thickness ai7 | Resisunce Ltt 

Greatest safe load in net tons uniformly distributed. Fibre stress 16,000 Ilia 
For a load in middle of beam, allow one-half of the tabular load. 
Deflection for centre load will be i^^ of the tabular deflection. 
For figures in small type deflection is excessiye. 



OreaUat Distance in Feet Between Centres tf 
Beams for DistrHnUed Load as Below. 



Span 

in 

Foet, 



4 
5 
6 

7 
8 
9 

10 
11 
12 

13 
14 

15 



Greatest 




Safe Load 


Defhefion 


in 


in Inches, 


Net Tons, 




2.16 


.09 


1.73 


.14 


1.44 


.21 


1.28 


.28 


1.08 


.87 


•96 


.46 


.86 


.67 


.79 


.69 


.72 


.82 


.66 


.97 


.62 


1.12 


.68 


1.29 



100 

Pounds 

per Square 

Foot. 



10.8 
6.9 



4.8 

8.5 
2.7 
2.1 

1.7 
1.4 
1.2 

1.0 
.9 
.8 



125 

Pounds 

per Square 

Foot, 



8.6 
5.5 



8:8^ 

2.8 
2.2 
1.7 

1.4 
1.1 
1.0 

.8 
.7 
.6 



150 

Pounds 

per Square 

Foot. 



7.2 
4.6 



175 

Pofunds 

per Square 

JPbot. 



6.2 
4.0 



2.8 

1.8 
1.4 

1.1 

1.0 

.8 

.7 
.6 
.5 



X7 

2.0 
1.6 
1.2 

1.0 
.8 
.7 

.6 
.5 
.4 



/ 



Flange width . 
Wob thioknoss. 



4 
5 
6 

7 
8 
9 

10 
11 
12 

13 
14 
15 



3*^ Z BEAM— No. 31 B. 

6.5 POUNDS PER FOOT. 

2.40 I Area in square inches 



0.24 I Resistance 



1.91 
1.71 



2.35 


.09 


11.8 


9.4 


7.8 


6.7 


1.88 


.14 


7.5 


6.0 


5.0 


4.3 


1.07 


.21 


5.2 


4.2 


^.^ 


5.6 ■ 


1.34 


.28 


a8 


8.1 


2.6 


2.2 


117 


.87 


2.9 


2.8 


2.0 


1.7 


1.04 


.46 


2.3 


1.8 


1.5 


1.8 


.94 


.67 


1.9 


1.5 


1.8 


1.1 


.8S 


.69 


1.5 


1.2 


1.0 


.9 


.78 


.82 


1.3 


1.0 


.9 


.7 


.72 


.97 


1.1 


.9 


.7 


.6 


.67 


1.12 


1.0 


.8 


.6 


.5 


.63 


1.29 


.8 


.7 


.6 


.5 , 



M 



I 



p 






PESCOVn CHANNELS. 1 






li 

15 


11 


SI 


Ltnfflii iffSpa^ it ftreL 


« 1 9 1 10 1 11 I 11 1 la 1 H 


So/, iMd in Ntl Tm,. 




150C 


33.0 


^M 24.5,) 22.13 20.12 1B.M 17.02 


15,8 




15 


151C 


35.0 


28^ 25.48 EB,93 20.85 19.11 17.64 


16,3 




15 


152U 


40.0 


31.11 27-66 24.89 22.63 20.74 19.15 


17.7 




15 


1630 


45.0 


33.56 29.83 j26,85 


24,41 !22.33 ,20,65 


19.1 




15 


1540 


50.0 


39.32 34.95 31.« 


28,59 


28,21 24.19 


22,4 




15 
12 


1550 
120C 


55.0 

20.5 


41J6'37.12 
I4.J6 12.77 


33.41 


30.37 


27.84 25.70 


23,B 
"8.2 


nM 


1045 




12 


1210 


25.0 


16.12 14.33 


12.90 11.73 '10,75 ' 9.92 


9,2 




12 


1220 


30.0 


18.09 16.0S 


14.47 13,16 12.06 '11.13 


10.3 




12 


12.'!C 


35.0 


23.03 20.51 


18,46 16.78 15,33 14.X 


13.1 




12 


1240 


40.0 


25.03 22.25 


20.02 13.20 


16,89 ;i5,40 


14.3 




12 


1280 


20.5 


IJ.7S I2J4 


11,02 10,02 


9-18 


8,48 


7.8 




12 
10 


1280 
1000 


32.0 
15,0 


18.26 
1^ 


18.23 


14,60 
'7,16 


13.28 
6,51 


12.17 

-.ar 

5.97 




10^ 




10 


lOlO 


20.0 


10,58 


B.41 


8.47 


7.70 


7.05 


6,51 


6.0 




10 


1020 


25.0 


13,35 


11,87 10,68 


9.71 


&gO 8.21 


7.6 




10 


103O 


30.O 


t4-98'l3,32 n.99 


10.90 


9.99 , 9,22 


8.5 




10 
9 


104C 
90C 


35.0 
13.25 


li-^l 


14^77 


13.29 


12,08 


1^0? 


10,22 
-"ao- 


9A 
~iii 


7.10 


6.31 


5,68' 5.16 


4,73 


4,37 




9 


910 


15.0 


7.61 


6,76 


6.09 5,53 


5,07 


4,68 


4.3 


( 


9 


920 


20.0 


g.92' 8,82! 7,94 


7.22 


6,61 6,11 


5.6 


\ 
\ 


9 


930 


25.0 


11,40 '10.13 9.12 


8,29 


7,60, 7,01 


6.S 


N a— For Inrfs give 


a In Hull,- irela must bo stlKl'iiffil Qt lo«di I 





































K 






■ 


IfCOTD CHANNELS. 






EoedSuUou oue-UUi. iietlecUoa beluw bl nek line 


e half load lit 




1 Lc«B,AifSp^i»FaL 


II 
15 


IB 1 »> 1 ^> I » 1 ^e 1 28 1 ^0 1 32 


Sutt Load in Na Tbiu. 


L29 


11.07 


10.06 


9.22 


8-51 


7,90 


7.38 


6,92 


2.74 


11.47 


10.42 


9.55 


8-82 


8.19 


7.64 


7.17 


15 




B.83 


12.45 


11.31 


10.37 


9-57 


8.89 


8.30 


7.78 


:5 




t92 


13.43 


12.E0 


11-19 


10.33 


9.59 


6.95 


8,39 


13 




M7 


15.73 


14.30 


13.11 


12.10 il,23 


10.48 


9.83 


15 




J.56 
S.38 


16.71 
~5J5 


5.22 


W.92 


13-85 ; 11,93^ 


111* 
"^3-83 


J.0.44 
3,59 


1.5 
12 




4.79 


4.42 


4.10 


7.17 


6.45 


5.86 


5.37 


4.96 




430 


4.03 


12 




S/M 


7.24 


6.53 


6.03 


5.57 


5.17 


4.83 


4.52 


12 




B.26 


9.23 


8.39 


7.69 


7-10 


6-59 


6,15 


5,77 


12 




1.12 


10.01 


9,10 


8.34 


7.70- 


7.15 


6.67 


6.26 


12 




6.12 


5.51 


5,01 


4,59 


4-24 


3.94 


3.67 


3.44 


12 




g.Il 


7.30 

-.67 


-.ea 


6.09 


5,62 


5.22 
2.56~ 


4.87 
2.39 


4.56 
~2.2A 


12 

10 




3.53 


3-25 1 2,98 


a.75 


i.TO 


4.23 


3-85 [ 3.53 


3.26 ! 3,02 


2,82 


2,65 


10 




U3 


5.34 


4.85 


4-45 


4.11 , 3.81 


3,56 


3.34 


10 




L6S 


5.B9 


5.45 


4-99 


4,61 ' 4-28 


4-00 


3.75 


10 




MS 


6.65 
3.04 


S.04 
2-77 


5.54 

s 

2,54 


5.11 
2.1B" 
2.34 


4-75 
2,03 
2.17 


4.43 
2.03 


4,15 
1,77 
1-90 


10 
9 
9 




Ul 


3.87 


3.61 


3.31 


3.05 2,83 2,65 


2,48 


9 




iW 


4.S6 


Jlj"- 


J-?0. 


3.51 3.26 . 3-04 


2.85 





^ 


■™ 








^ 


i 


H 




* 



r 










PENCOYI> CHANNELS. 

OMIort KfB distribuled loBil 111 net t..],. iuckiding bam. Siqb]] ( 
redun deflecUaa oue-Snh. Deaectlon btlow hlnck lln? Is excasnive. 


ii 

8 




Hi 


i«.ff«<ir*m<'.J=W. 


S 1 « 1 T 1 8 1 10 1 IS 1 14 


Soft I,Bml in Kel Tutu. 


80O 


11.25 


Sj^ 


7J? 


6.19 


5.42 


4.33 


3.61 


3.10! 




8 


81C 


13.75 


9.71 


8.10 


6.94 


6,07 


4.86 


4.05 


3.47 




8 


82C 


16.25 


U.73 


9.78 


8.38 


7.33 


5,87 


4.89 


4.191 




8 


830 


18.75 


12.78 


10.65 


9.13 


7.99 


6.39 


5.33 


4.56 




8 

7 


840 
70O 


21.25 
9.75 


13.83 

e.si 


11.52 
'5.43 


9.88 
4.65 


J.64 
1.07 


J.91 
'3,26 


5.76 
2.71 


4.94; 

2.33 




7 


710 


12.25 


7.43 


6.19 ' 5.31 


4.64 


3.71 


3.09 


aea 




7 


7-20 


14.75 


9.10 


7.58, 6.50 


5.69 


4.55 


3.79 


3.25 




7 


730 


17,25 


10.01 


a34 7.15 


6.26 ' 5.01 


4.17 


158 




7 


740 


19.75 


10-92 


B.IO 7.80 


6.S3 5.46 ' 4.55 


190 




6 


GOO 


8,00 


""^.65 


~aa7 "3,'32 


2,90 1 2.32 


1.94 


tre 




e 


61C 


1050 


5.T7 


4.81 4.13 


3.61 Z89 


2.40 


2.06 




e 


esc 


13.00 


6.55 


5-46 4.63 


4,10: 3.23 


2.73 


2.34 




6 
5 


630 
500 


15.50 
6,50 


J.34 


6.12 5.21 
"2.63" Z25 


4.581 167 


3.06 


2.62 






1.31 


Tu 


1.97 


1.57 




5 


510 


9.00 


180 


3.16 Z71 


2,37 


L90 


1.58 


LX 




5 
4 


ESC 


11.50 


4.45 
"l.» 


3.71 118 
~1 96 1.42 


2.78 


2.23 


1J5 




400 5.25 


1.2s 


1.00 




4 


4IC e.25 


220 


1.84 157 


1.3S I.IO 


J)2 


-TB 


1 


4 
3 


42C 7.25 


Ti* 


2,01 1.72 


Ijl, 1.21 


LCD 
.4S 


—Si 
Al 


aoc 


4.UU 


.95 .£1 


1 


9 


SIC 


5.00 


UO 


LOB .93 


a\ .65 


.54 


M< 


V 


S 


S3C 


e.00 


J!« 


LZl LM 


.91 .73 




J 




■ 


K 




1 



r 



PENCOYB CHANNELS. 



sngEa ur Bt right angles to the web. 






64CJS0.C 
5&C55,C 



^ 



g 



'I ■! 



4.14 3.31 2.76 



2.32 : 1.86 1.55 



1.71 1.53 1 1.43 



2.77 2.51 2.31 



2.73 ' 238 ; 2.12 1.90 1.73 1 1.59 I 



1.41 2.93 2.56 I 

).83 0.77 1 0.69 0.62 0,56 0.52 \ 
1,01 1 0.89 ! 0.79 0.71 0.64 0,59 



.58 1.35 1.18 1.05 



1.90 1.52 1.27 



9.750.84 0.67 0.56 

12.25| 0.95 0.76 0.63 

1.37 1.10 0.91 

1,51 1.20 1.00 

1.64 1.31 1.10 



0.60,0.52 0.46 



S 0,44 0,37 

i 0,61 0.52 

i 0.69 0.59 0.52 

i 0.78 0. 



,94 0.S2 0.73 



11.60 0.72 0.57 0.48 0.41 , 0.3 



^ 



jmi^^ 



1 






PENCOYD EYBN ANGLES. 












Ono Leg Vertical. 






Fib™ 8tre« 1B,0M Ibi. per Sq.iBre 


pch. 








StM^^ Angle. 


U^a^Spo^ in 1^1. 1 


4 1 6 1 a 1 T 1 8 1 ■ 1 10 1 n 


U H 1 


&/, Load t» m lb*,. 1 




8 >B «■(, 


11.12 


8.90 


7.41 


6.35 


5.56, 4.94 


4.45 


4.04 


3.71 


3.0 




. sn-iiH- 1 


21.58 


17.26 


14.38 


12,33 


10.79 


9,59 


8.63 


7.B5 


7.19 


BSi 




e .8 x% 


4.71 


a77 


3.14 


2.TO 


2,35 


2.09 


1.88 


1.71 


J 


m 




en.suxH 


U.M 


e.gg 


7.49 


e.4Z 


5.62 


5.0C 


4.50 


4.09 


3.75 


3.48 




5 x6 x% 


3.23 


2.58 


a.i5 


1.34 


1.61 


1.43 


L2B 


1,17 


1.0f 


OJS 




et.si4.n 


7.68 


614 


5.12 


4,39 


3,84 


3.41 


3.07 


2.79 


J 


2X 




4 xi .A 


1.71 


1.37 


1.14 


OM 


0.85 


0.7( 


0.68 




0.57 


osa 




«,-*4«% 


4.13 


3,31 


2.76 


3,3. 


2,07 


1.84 


1,65 


1.50 


1.38 


1^ 




ati'S^-A 


1.31 


1.0S 


0,87 


0.75 


0-65 


0.58 


0.52 


0.48 


0.44 


O.40 




%.s^.% 


2.15 


1.96 


1.84 


1.40 


1.33 


1.09 


0,98 


0.89 


0.82 


0,78 




3 .3 x\ 


0.77 


0.62 


0,56 


0.44 


o.3e 


0.34 


0.31 


0.28 


0.26 


oa 




sA.BA.'i, 


1.B5 


1.48 


1.34 


1.06 


0,B3 


0.82 


0.74 


0,67 


0.62 


0.S7 




»(,>J«,x<» 


0.64 


0.S1 


..,3 


0.37 


0,32 


0.38 


0.26 


0.23 


0.21 


0.8) 


^/ 


3 .3 .\ 


1.38 


1.09 


0.91 


0.78 


0.68 


0.60 


0.54 


0.49 


0.45 


o.« 




■""--■i 








k 









f PENCOYn EVEN ANGLES 






' **tt LOAD IN NET TONS UNIFORMLV DIGTRI* 


TED. 




One Us VMlioal. 






Fib« Sti«B 16,000 lb., per Sq. Inch. 






a»<fjMgi,. 


ifflsMuT-^™ *««<(. 






1 1 « 1 . 1 4 1 1 . 1 7 1 B 


&5ft Zbh( f » AW Ib«. 


z-fe^z-iiiA 


LBO 


0.80 


0,53 


0-40 


0.32 


0.27 


0.23 


0.20 


2%i2%x% 


4.x 


2-00 


1.33 


1.00 


o.ao 


0.67 


0,57 


0.50 


2^ix2i4xA 


1.28 


0.64 


0.43 


0.32 


0.2B 


0.21 


0-18 


0.16 


2,\.2Ai% 


2.67 


1.34 


0.89 


0.B7 


0.53 


0-45 


0.38 


0.33 


2 x2 x,'„ 


1.01 


0.51 


0.3* 


0.^ 


0.20 


0.17 


0.14 


0.126 


2fiiZ^i% 


2.13 


1.07 


0.71 


0,53 


0.43 


0.36 


0-30 


0.266 


l\xl%xf. 


0.80 


0.40 


0.27 


0.20 


o.is 


0,13 


0.11 


0.100 


m^m^% 


1.60 


0.80 


0.53 


0.40 


0-32 


0-27 


0.23 


0.200 


I'^xl^xlfe 


0,37 


0.17 


O.IS 


0,09 


0,07 


0.06 


0,05 


0.046 


l=^xl\x% 


1.33 


0.67 


0-M 


0-33 


0.27 


0.22 


0.19 


o.iea 


l-ixlJ^x^ 


0.32 


0.16 


0.11 


0.08 


0.06 


0.05 


0.046 


0-010 


l^xl'fex'i 


0.59 


0-30 


0.20 


0.15 


0.12 


0.10 


0.084 


0,074 


I xl x3^ 


0.16 


0.08 


0,05 


004 


0-03 


0.027 


0.023 


0.020 


lifexl^x^ 


0.37 


D.19 


0.12 


0.09 


0.07 


0.082 


0.053 


0.046 




bo BBaa 


\ 


JOl 























1 


■ PENCOYD UNEVEN ANGLES. 






■ ..„ LO.- ,« »„ TO«. „H.FOR«.y O..T«,.„T.O. 






■ lion? I« Vt^rtiiTil. 






1 Flb«fltr™ifl,0001hi.perSquweIlidl. 






1 


Z«.S«<y*af.iii J%rt. 




1 1 S 1 8 1 * 1 ^ 1 8 1 7 1 8 


syi £«<"" J«>( Tlmi. 


4 i3 lA 


6.56 
12.43 


e!22 


2.19 
4.14 


1.64 

ail 


1.31 
2.49 


1.09 
2.07 


0.94 
1.78 


0-82 
1.55 


lS:i^:4 


5.07 
10,67 


2.54 


1.69 
3.56 


1.27 
2.67 


1.01 
2.13 


O.BS 
1.78 


0,72 
1.52 


1^33 




^:PS:5J 


4.05 
8.43 


2.M 
4.22 


1.35 
2.81 


1.01 
2.11 


0.81 
1.69 


l!41 


0.58 
1,E0 


0-Sl 
1.0S 






3.84 
5.81 


1.93 
2.91 


1.E8 
l.M 


0.96 
1.45 


0.77 
1.16 


0.64 
0.97 


0.56 
0.83 


0.48 
0,73 




3 i2't>i)4 


2.93 
6.40 


1-47 
3.E0 


0.08 
2.13 


0.73 
1.60 


0.59 


0.49 
1.07 


0.43 
0.91 


0,37 
0,80 




3 i2 i>^ 


2.88 
6.08 


1.44 
3.04 


2103 


0.72 
1.S2 


0.58 
1.32 


0.48 
1,01 


0,41 
0.B7 


0-36 
0,76 




iH^i^^t 


l.b5 
4.69 


0.78 
2.35 


0.5S 
1.56 


0,39 
1.17 


0.31 
0.94 


026 
0.78 


0.22 
0.67 


0.19 
0,59 




i^'i;^:^ 


2;45 


;g 


0.41 


0.31 
0.61 


0.25 
0.49 


0.21 
0.41 


0.18 
0.35 


0.15 
0.31 




h.i\r^t 


0.96 
1.92 


0.4S 
0.96 


0.32 
0,64 


0.24 
0.48 


0,19 
0.38 


0.!6 
0.32 


0.14 
0,27 


0.12 
0^ 




hvm 


0.96 
1.92 


0.4S 
0.90 


0.32 
0.64 


0.24 
0,48 


0.19 


0.16 


0.14 
0.27 


0.13 
0.34 




.^?;.1fflrp^;^^^^:?^.; 


lo *fl"ror -SrightP™ ' "" '^ 


-^A 


joa 

























PENCOYD UNEVEN ANGLES. 




SbortLegVB-ilqal. 


Fibre SDesa 16,000 lbs. per SqiiBre Inch. 


aiutfAntk. 


iflifflA n/ ^«n In J^(. 


.|. 1- |M-I'I»I"I"I» 




Stft Load in SH II™. 


S xS x\ 

8^xe^x 1. 


12!27 


5.12 
9.31 


4.27 
8.18 


3-68 
7.01 


3.£0 
6.13 


2.84 
5.46 


2.56 
4.91 


2.33 
4.46 


2.13 
4/39 


3.78 


7^x3^ iJ I 


4.13 


1.72 
3.31 


1.43 
2.76 


1.23 
2.36 


1.07 
2.07 


0.95 
1.84 


0.86 
1.65 


0.78 
1.50 


0.72 
1.38 


0.88 


a^xk^il 


2.16 
5.43 


1.73 
4,34 


1.44 

3.62 


1.23 
3.1( 


1.08 
2.71 


0.96 
2,41 


0.88 
217 


0.78 
1.97 


0.72 
1.81 


0,66 
1-W 


k:k:!S 


2.13 


1.71 
4.25 


1.42 
3.54 


1.22 
3.03 


1.07 
2-65 


0.95 
236 


0.85 
2.12 


0.78 
1-93 


071 
1.77 


iS 


kii^iil 


S;g 


1.31 
2.35 


1-09 
2-47 


0.94 
2-11 


0.82 
1.B5 


0.7; 


0-a 


0.60 
1.34 


0-55 


1,14 


S:IS;5S 


2!a 


2!a 


1.09 
1.87 


0.93 
1.60 


0.81 
1.40 


0-72 
1.24 


0,65 
1.12 


0-59 
1.03 


0.J 
0.93 


OiO 


S x4 x1^ 


2.09 

3.B1 


1.67 
3.13 


1.40 

zei 


1.20 

223 


1.05 
1.95 


1.74 


0.84 
1.58 


0.76 
142 


0-70 
1.30 


la) 


i..:Si.-4 


1.36 
3.17 


1.09 
154 


0.91 
2.12 


0.78 
1-81 


0.68 
1.59 


0.60 
1.41 


0.54 
1,27 


0.49 
1.15 


0.45 
1-06 


0-4! 
0.68 


S i3 I A 


1.00 
231 


0.80 
1.90 


0-67 
1,58 


0.57 
1-36 


0.50 
LIB 


!S 


0.40 


0-3( 


0.33 
0.79 


0.31 
0.73 


.^:i^:^ 


1.00 
2.35 


0.80 


0.67 
1.57 


0.57 
1.34 


0.50 
1.17 


0.44 
1.04 


0.40 
0.94 

053 
1.34 


0.36 
0.85 


0.31 
0.78 


0.31 
0.72 


kiPM 


1.33; 1.07 
3.11' 2.49 


0.89 
2.07 


0.76 
1.78 


0.67 


0-59 
1.38 


0.4B 
1.13 


0.44 
1^ 


ati 

039 


Por.nglHofi 


oporlli 


dUto 


hfrfci 


™ 


ib*» 


>re1<x 
dghu. 


Kka 


b« t^umtA H 





■ 


PENCOYD USEVEX ANGLES. 






uri 


AHO IN HIT TOHB UNIFORHI.V OlSTDia 


UTID. 








Short Log VertioU. 










Fibre 8tn« Ifl.OOO lbs. per SquMe Inch. 








dVK. 


Lenglfi vf ^b in Fs6L 


, 1 . 1 . 1 . 1 . ( . 1 , 1 • 




«V^ Load <» J«!t n»u. 




,,'A 


3^ 
6.19 


1.85 

3.10 


1.30 


0,97 
1,65 


0.78 
1.24 


0.65 
1.03 


0.66 
0.88 


0.49 
0.77 


s'A 


3.S9 
8.16 


1.95 
4.08 


1,30 
2.72 


0.97 
2.04 


0.78 


o.as 


056 
1.17 


0,49 
1.02 




r^i 


2.19 
4.69 


1.10 
2.35 


0.73 
1.56 


0.55 
1,17 


0.44 
0.94 


0-37 
0.78 


0.31 
0.67 


0.27 
0.59 




.:% 


1.44 
Z19 


0.72 
1.10 


0.48 
0.73 


0.36 
0.55 


0.29 
0.44 


0,21 
0.37 


0.21 
0.31 


0,18 
0.27 




S:% 


2.13 

4.68 


1.07 
2,35 


a7i 

1.56 


0.S3 
!.17 


0.43 


0.38 
0.78 


0,30 
0.67 


0.27 
0.59 




.:% 


1.39 
3.01 


0.70 
1,52 


0,46 
1.01 


0.35 
0.76 


0,28 
0.61 


0.23 
0.51 


0.20 
0.43 


0.17 
0,38 




,'A 


1.01 
3.30 


0.51 
1.60 


0,34 
1.07 


0,25 
0.B0 


0.20 
0.64 


0.17 
0.53 


0,14 
0.46 


0.13 
0.40 




in 


0.59 
1.28 


0,30 
0.64 


0.20 
0.43 


0.15 
0.32 


0.12 
0.26 


0.10 
0.21 


0.08 
O.IS 


0.07 
0.16 




H 


ass 

1.28 


0.30 
0,64 


0.20 
0.43 


0.15 
0.32 


0,12 
0.26 


0.10 
0.21 


0,08 
0,18 


0.07 
0.1Q 




n 


0.37 

a9i 


0.19 
0.46 


0.12 
0.30 


0.09 
0.23 


0.07 
0.18 


0.0a 
0.15 


0.05 
0.13 


0.06 
0.11 


\ 


Wrpn 


leriDcdlBle rtikkoe'^es llie KnrB ]uad!i 13111 
ipotllDuil tu tboir BTOfls or weighn. 


beajuu 


inedu 





I 








PENCOYD Z BARS. ' 




■ kri 


OHO ID HIT TONS UNIFOnMLV DiaTHIBUTCD, 






Fibre Strera 18,000 Ibi. per Sqaare Incb. 


So. 


5tu 

7m 




L^«SlhofI^pa«innrt. 


A 


4 1 S 1 6 1 S 1 10 1 11 1 14 1 IG 1 » 


Slft-toodif.A'WTtou. 


eoz 

61Z 


k 


1 


11,2S 9,00 
13,11 10,48 
14,96 11,97 


7.50 5,63 4,5013,75 
8.74 1 6,55 5,24 4,37 
9.97 7.48.5.98 4,99 


3,21 2,81 2.50 
3,74 13,28 2,91 
4.27 1 3.74 3.32 




63Z 
64Z 
66Z 


6 

14 


s 


15,39 12,32 
17.09 13.67 
18,80 15,04 


10.26, 7.70 6.16 5,13 
11,39: 8,55 1 6,84 5,70 
12,531 9.40 7.52 6,27 


4.40 
4.88 
5.37 


3,85 1 142 
4,27 3.BD 
4.70' 4.18 




eez 

67Z 

eez 


G 

14 


1 


18,72 14,98 12,48' 9,3617.49,6,24 
20,29 16.23 13.53 10.1418.12,6.76 
21.86; 17.49 14.58 10.93 i 8.75 7.29 


5.35 
5.80 
6.25 


4,68 4.1B 
5,07 iSl 
5.47 4,88 




50Z 
51Z 

62Z 


5 

i4 


1 


7.01 
8.39 
9.76 


5.61 
6.71 
7.81 


4,67 3.50 2,80 2.33.2.00 
5,59. 4,19 3,36,2.80 2,40 
6.51, 4.88 1 3,90 3.25 2.79 


1,75 1,58 
2,10 1,88 
2,44 ; 2,n 




53Z 
54Z 
55Z 


5 


1 


10.15 
11.40 
12,66 


8,12 
9,13 
10,13 


6,7?! 5.07 
7.61 5,70 
8,44 6,33 


4.06 3.38 2,90 '2.54 
4,56 3.80 1 3.26 1 2,85 
5,06 4.22 3,82 3.16 
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FIRE-PHOOF PLOOHS. 

_'ire-proof floors, hitherto made by tilling tho aparea be- 
tween the floor beams with segmeDtal atvhea of onlinary 
brick, and leveled with concrete, are now okuuH)' either fiat 
arches constnicted of npeciul tilee lliat eiicaee tbe HnneBB of 
the beams, or composite flooring made by various method) 
of incorporating metallic conHtructione within a muso of 
concrete. 

The hollow tiles are either of a dense or porous slrnclurSi 
and in diflbrent systems have the webs of the tile either 
parallel with or at right angles Ui the floor beaniB. termed 
the "aide " or " end conslmction " respectively. The illt* 
trations show some of the general types of floor construe- 
tiou, and the weights and uiiual spans are given in the (bl- 
lowing table. The concrete used in lire-proofing will vaij 
from 120 to 164 pounds |>er cubic foot, according to the klM 
of cement and atone used. Ordinary natural cetnent and 
light furnace slag will weigh as low as 120, whereas heavy 
Portland cement and limestone or tr,Lp rock will weigh IH 
poumls per cubic foot, (See page 280.) 

The segmental arch of ordinary brick, Fig. I, ix used Cir 
B[iacing of 4 to 6 feet, or even much greater if siifltcienl 
rise can be allowed and the arch stiffened with a suitable 
backing of tnncrete, the rise of the arch beintz preferably 
not less than one-tenth of the span. The weight of floor 
for 4{-inch brick will be about 45 pounds per square fiiot of 
surface, and an addition for concrete backing equivalent to 
from ISO to 164 pounds per cubic foot. 

For special cases, setrmental arches of hollow tile, as ta 
Fig. 12, with a riee not lens than one-nighth of the span, ths 
roilowing dimensioDH will apply for loads of 160 pounds \m 
square foot : 

Archea4"thick. Safespan, 8' Wt.of brick, 20 lbs. persq.it 

" C" " " " 14' " " 30 " " " 

" 8" " " " 20' " " 40 " " " 

adding to the weight as before for concrete backing. 

The composite floors, Nos. 7 to 11. are formed by in- 
corporating ejiecial metallic constructions in a mass ol 
concrete. Floors of this class are now successfully used; 
definite particulars can be procured from the manube- 

On accountof the strength obtained from the incorpotatfd 
metal work, these floors are usually much lighter than dtf 
brick arches. 

The following table gives the usual spans and weight«ot' 
flat arches for flooring : 
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TIB RODS FOR BEAMS' SUPPORTING BRtCE 
ARCHES. 

The horUontal tbniDt of brick arches is ait fullowa : 

Preaeure in lbs. per lineal foot of arch =: — tj — ■ 

W = load in lbs. per square foot. 

S = Hpan ofiireh in feej. 

R = rise in inches. 

Place the tie roda as low ax poaaible through the weba of 

tlie beams, and bo spaced that the prceaure of arcliea lUI ot 

tuiued above will not produce a greater atrees than Ib/M 

paaad» per square inch of the least section of thu bolt. 

Ordinarily it will be foniid niiceesary to limit the spn 
of the tie rod^ to avoid exccsaive bending Htress on the outer 
beams of the floor, or to prevent thin bending BtresH being 
transferred to the walls of Ihe building. The ability of the 
outer beams Uj resist the horizontal bending action caused 
by the pressure of the archee li determined as follows : 

From the formutfe i^ven in table, paire 112 to 118, forths 
safe load on a beam acting al right angles to the web. or in 
the directiun of the flanges, which is based on a fibre streac 
6,0DO ponnds per squara inch, we hare for ecmi-ain- 
tinaoiu beams : 

fl3U0 A F , 



L-V 




for angles. 

where w is the lateral pressure in pounds per linesl foot, 

A = sectional area of beam in square incliee, 

F^ width of dange in inches. 

£ ^^ distance between supports in feet- 

In practice this spacing L is not imperative, but c 

used ae a guide, ance concrete or flooring material will dif- 

tribate the pressure to some extent over the length of the 



BUCKLED PLATES, 
tick'ed platea are usually luuda three feet square and 
one-qnarter inch to one-half inch thick. Tliey («n bo 
te of any desired size or thickness, or extended leng;th, 
hif; several buckles in a single plate. 
bey are usually nveted to the supporting beams and the 
« joint supported by a J. or other suitable soetiou, 
idicated on the cut. 
Kperiment shows considerable advantage by having the 

properly secured. 
gtckled plates, if used inverted — that is, with the buckle 
Anded — develop from three to four times as much 
[|gtb aa if need as aliown in sketch. 
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The fltreii^ of backlud pUlee may be given by tbc fijl- 




iuwinu formula : • 








^= — «A+.5T-^>«' 




D -a total conL-entrated load iii pouodH. 




g = uniform load in pounds per square foot. 




h = depth of buckle in inches. 




I = Icngtli of buckle in inchee. 




( >~ Uiiclcnees in inchM. 








If we assume g >= 120 Iba. per square foot, ami k = 6,000 




Ibe. per equare inch, we net the following values for D, fiit 








TOTAL CONCENTBATED LOAD IN POUND*, ALLOWISQ FOB 1 




DISTRIBUTED LOAD OP ] 30 POUNDS PEB SQDABB FOOT. 
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i formula shows tliat the comientruted load and the 
(niform load are independent of I. Thia, of cuurse, is 
Birect as loxig as the buckled plate IB not subject to local 
BBtionB, say within the limits given in the previous 
The total uniform load a buckled plate can carry, 
IB &om the above fonunla as : 

ire aSBEune it ^ 6,000 Iba. per square inch, we got the 
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Stxtand nWjftfrj/T. 

4x2 T = 20 lbs. 
4 I 2 T = 20 " 
-1x3 T = 25 " 
4 X 3i T = 30 " 
4x4 T = 30 " 
4x41T = *0 " 
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(GHT and strength of COKBttOATED FLOORING. 
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PKNCOYD CORRUGATED FLOORING. 

Utudii in iMuinda iKsr Hquuro foot of floor for a fibro stress of 1S,000 poaiidi 
{ler Mi(iiun> inrh. 

Tho tii;iiri>N in Mmull tyi>o umlur the load in pounds are the corresponding 
ifntr«> «lt'tltvlionH in inrliCM. T1iohi> to the rignt of the dark line are where 
tho it>ulrt< Ui'tlivtluu excitHlM ,), ]iurt of the Kpan. 

Seotion No. 210 M. 
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BEAMS SUFPORTINO BRICK WALLS. 

iiiry alone, without any floor attathm 
IK iJupporttMi, the kind on the (tinier will vary accordlnj 
wvvral I'undiUoiiB. If tlm rnaeonry ia not thorou); 
IximltHl throuKhout, or if gnmt inflexibility is desiret 
may he tieci'BBary t« coHHidpr tlie whole masB of wall as 
UinMl by tUt* (tirder, 

If th» vmll hns nu openin)^, nml thu brick is laid with 
nmul Innd, th^ mnt«ria1 inciimlH'iit on tbo uirder wonl< 
IndinattMl by tltc dark llni' — ht^iKbt, oae-funrth of thespan 
li boMt to coDUtlor tliii aa a triangle, wlioae height equalsi 
thlnl of cpaii, »8 in lowpr dolttil line [ and as the wm^. 
brick walls is ni-arly 10 lbs. pi'r i«[uare foot for each inc 
lbl[-kn(i»<,fmni tbene daU wo And tho bending rtreaa ou 
Uiun tu III' till- sainc as tliat (tatiwil by » distributed lose 
pinindi" iiiiiul to 

*Ju >^ w[iia n' uf n \ y»n in foot X tb u-kn€< ' * of wa ll in ind 
" » 

And from th« table of diatribiitt^t loads BDil«b1e beanu 
bp Bfloi'bil, Willi propter liinimiioiiH, for deflection, if 
upans are long, to avoid cnit'kinif i>f wall. If the wall 



9 illuatrated, it is necessary to consider tbe mass 
Rfckwork, indicated by the upper course of dotted lines, 
hpported by tlie beams, wbich. can be selected accord- 

' is UBitally best to use two or more besjus trailed to- 

» to give a better bearing or to insure lateral rigidity, 

a following tables give suitable beams far solid brick 

I properly bonded, selected to deflect less than j\„ of 

10 feet, and ^ of spans 15 to 20 feet. 

wlars for separators for these beams can be found 

e257. 
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2--S" 
No. MB 


2—7" 
NO.70B 


2—8" 

No. SOB 


2—9" 
NO.90B 


2—10" 

No. 100 B 


a-12" 

No. 120 B 



used to support the whole length of a wall, 

span exceeds 16 feet, the entire weight of the wall 

bo calcQlat«d as resting on the beam, as escessive 

Son might push out the supports from under the beam 

Mtroy the structure. 

support flooring as well as weight of wall, the 
sections must be selected to take the additional load 
iefleotiou, as before stated. 



STRUTS OP BOLI.ED SBCTIONS. 

In Ihe following <-ouEider«tioii of strata of vaiiou: 
Xiana lh« I«a»t radiuB of frrration of the croBE-Bection, 
nnil nuMxis throuith Iho centre of graTity.is asHUtoedu 
Uio «lfMitro radios of the sirtit. The tables on pugea 160 to 

«reth«clMeiftf<dsvurap>s of an extensive eeriesi 
pentoMttt. 

Tlie Ubl«a Cm dcstmctiro pwasorea repr«sent the ttltimiti 
load at the point of &ilun>. 

Tit* pMte«t nafe hods are tlie aforesaid crippling loads, 
divided by the fartore of eafety hereafter desi'rihed. 

Ab is well known, tlie method of pecaring the eoda of the 
Strata vxtrKiBte an important iufluenoo on their resiatsiice 
to beading, as the member ia held more or less rigidly ia 
the direcl line of thrust. 

In the general tnblra.etnita areelaaiifled in fonr diviaon^. 
m.: •■ Fised Ended," •• Flat Ended," "Hinged Ended," 
and " Rixind Ended," 

In the class of " fixed ends " the strnts are supposed to be 
■>o tiddly Httarbetl at Ktth ends to the contiguous parts of 
the etmctnte tliat the attaohment would not be severed if 
the member was snbjecteil to the ultimate load. " Flat- 
ended" etrots are mippv*ed to have their ends fiat and 
normal to the axis of length, but not rigidly attached to the 
adjoining parts. " Hinged ends " embrat.'e the class which 
liuve both end» properly fitted with pina, or ball and socket 

int!, of subetantiol dinicnaons as fumpared with th« 
eectioD of the atrnt ; the c«nti«a of tiese end joints being 
pracljadly coincident with an axis pa^ny- through Uie 
centiv of gravity of the section of lUe stmt. "Round- 
ended " etnits are those which have only central jwinta of 
contact, such as balls or pins routing on liat plates, but stili 
the cenlies of the balls or pins coincident with the proper 
is of the strut. 

If in hinged-endeil stmts the bolls or pins are of com- 
peratively insignifirant diameter, it will be safeeit in sudi 
:»SM to consider the struts as niinnd -ended. 

If there should be any serious deviation of the centres of 



nand or hinge'! ends from the proper axin of the stmt, 
^cre will be u reductiou of resistanco that cannot be eati- 
BUtted without knowing tbs exact conditions. 

When the pins of hinged-end struts are of substantial 
diameter, well fitted, and exactly centered, experiment 
iWB that the hiiiged-ended will be equally aa strong as 
ided Btnits. But a very elight inaccuracy of the center- 
ing rapidly reduces the reaiatance to lateral bending, and 
it is almost impossible in practice to uniformly maintain 
e rif^d arcuraey required, it ia considered best to allow for 
ch inaccurades to the extent given in the tables, which 
He the average of many experiments. 
Hijt is considered good practice to increase the factors of 
^■fety H8 the length of the strut ia increased, owing to the 
^BBftter inability of the long atruta to resist cross strains, etc. 
^^r similar reasons we consider it advisable to increase the 
Fbctor of safety for hinged and round ends in a greater ratio 
than for fixed or flat ends. 

Presuming that one-third of the ultimate load would con- 
stitute the greatest safe load for the shortest fitnits, ihe 
following progressive factors of safety are adopted for the 
increasing lengths. 

3. + .01 - for flat and fixed ends. 

3 + .015 - for hinged and round ends. 
( = length of strut. t ^ least radius of gyration. 
I From the above we derive the following (actors of safety ; 
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STRUTS OF WBOUGBT IRON OR RXTKEHE 
SOFT STElilL.— No. 1. 










Lmv"^ 


Fliti Ef>d,, 


Flal&di. 


iBnffrfiWd., 


Smmda*. 




20 

30 
40 
50 


46000 
43000 
40000 
38000 


46000 

43000 
40000 
38000 


46000 
43000 
40000 
38000 


440DD 

40250 
36500 

33500 




60 
70 

eo 

SO 


36000 

32000 

31000 


36000 
34000 

30900 


36000 
33750 
31500 
29750 


30600 
27750 
35O0O 
22750 




100 

no 
lao 

130 


30000 
29000 
28000 
26750 


39800 
28050 
36300 
24900 


28000 
26160 
24300 
22650 


18500 
16500 
14650 




MO 
150 

ISO 

170 


25500 
34250 
23000 

asoo 


23500 
31750 

18400 


21000 
18750 
16500 
14650 


12800 
11150 
9500 
8500 




180 
190 
200 

210 


20000 
18750 
17500 
16250 


16800 
15650 
14500 
13800 


12800 

itaoo 

10800 
9800 


7600 
6750 
6000 
560D 




220 

230 
240 
250 


15000 
140O0 
13000 
12000 


12700 
11950 
11200 
10500 


6800 
8150 
7500 
7000 


5000 

4650 
4300 

40SO 




230 
270 
280 
290 


11000 
10500 
lOOOO 
S500 


9800 
9150 
8500 
7850 


B500 
6100 
5700 
B350 


IS 

3200 
300O 




300 

310 
320 
330 


9000 
8500 
9000 
7500 


7200 
6600 
6000 
5560 


5000 
4750 
4500 
4250 


2800 

2650 
250D 
2300 




m 

360 

360 
370 


7000 
6750 
6500 
6150 


5100 
4700 
4300 
3900 


4000 
3750 
3500 
32EO 


2100 
2000 
1900 
1800 




380 
390 
400 


5800 
5500 
5200 , 


3500 
3250 
3000 


3000 
2750 
2500 


ITDO 

leoo 

1600 


t 










un 


^^ 





m 
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rrs OF WROUGHT IRON OB EXTltEAlE 




SOFT STEBL.-No. a. 




*»arBloadinpDi.nd.persqiMrBlDchnfoi«i-sec[ioDfurTa«iciiiBlr«U. 










Imn lor iUb clusts Ic. nhitli nrh end bdungs. 




ftmtiB hlngid by anr unoflrlaln method, solhatlhewnlna of pliu 
or nrnt luaT not .ulnrMde. or th? pins dibt bo relslivdy aouU md 
ted. Ills bet In eucb cush to coDsider Ibe Etrut ax -' round ended." 








«/rd Birfj. 


Fl^lSn,t>. 


JIi„^ En,U. 


Sound Ebdi. 






























14fB0' 


14380 


13M0 


13330 






13030 


13030 


12460 


11670 






11760 


11760 


11110 


10140 






10860 


10860 


10130 


8930 






10000 


10000 




7820 






eigo 


9190 


8330 


6850 






8420 


8420 


7500 


5950 






7950 


7930 


6840 


5330 






7500 


7450 




4560 








6840 


5620 


3980 






8870 


6260 


5060 


3440 






6220 


5790 


4580 


2960 






5800 


5340 


4120 


2510 








4830 


3570 


2120 






6000 


4350 


3060 


1760 






4570 




2640 


1530 






«70 


3500 


2260 


1310 






3830 


3190 


2O20 


1150 






3S00 


3900 


1800 


1000 






3190 




1590 


890 






2880 


2440 


1400 


790 






2640 


2260 


1360 


720 






3«0 


2070 


1140 


650 






2180 




1040 


600 






1960 


1750 


MO 


550 






1840 


1610 


870 


500 






1720 


1460 


790 


440 






1610 


1330 


7X 


410 






1500 


1200 


670 


370 






1390 


1080 




350 






1290 


970 


580 


320 


t 




1190 


880 


540 


390 


M 




1090 


800 


490 


260 


■ 




1040 


720 


450 


240 


■ 




080 


650 


430 


230 


1 




920 


580 


380 


210 


1 




850 


510 


340 


200 


I 




800 


470 


310 


80 


fl 




I« 


430 


'380 


TO 


\M 




A 
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STRUTS OF MEDIUM STEEL.— No. 8. 

lH>tnicf ire prewure in puundx per square fndi, for tteul of luetlium grade 
iiDMlf htreu^h, about 70;0U0 lbs. per aqujune inch. 

Tor exirvuie lofl isted^ uan taUe No. 1. 



Length. 



Ijtast Radius i 
uf (rtfnitiom. 



I Fix*^ KhiU. 



Flat KtuU. 



20 
30 
40 
50 

60 
70 
80 
90 

100 
110 
120 
130 

140 
150 
160 
170 

180 
190 
200 
210 

220 
230 
240 
250 

2G0 
270 
280 
2'X) 
300 



I 



70000 
51000 
46000 

44000 

42000 
40000 
38000 
36100 

34200 
33100 
31900 
30100 

28200 
26800 
25300 
23400 

21400 
19400 
17900 
16200 

15000 
14000 
13000 
12000 

11000 

10500 

10000 

9500 

yooo 



70000 
51000 
46000 
44000 

42000 
40000 
38000 
36000 

34000 
32000 
30000 
28000 

26000 
24000 
22000 
20000 

18000 
16200 
14800 
13600 

12700 
11950 
11200 
10500 

9800 
9150 
8500 
7850 
7200 



Hinged Ends. 



lUntndEmdt. 



70000 
51000 
46000 
44000 


66900 
47700 
41900 
38800 


42000 
39700 
37400 
34700 


35600 
:i2H(X) 

26500 


31900 
29600 
27700 
25500 


23400 
21100 
18800 
16600 


23200 
2Ur/U0 
18100 
15000 


14200 

12300 

10400 

9240 


13700 

12200 

11000 

9800 


8030 
6990 
6120 
5600 


8800 
8100 
7500 
7000 


5000 

4660 
4300 
4060 


6500 
6100 
5700 
5330 
5000 


3800 

:^fioo 
:i200 
:^ooo 

2800 



101 



STRUTS OP MEDIUM STEEL.-S0. 4. 

fe lusd ror aU«l of medium grade, (enalleatrcDgtli alwii 1 70,a<IU lt». 
_, i^.^vuie soft steel, uw labje Nn, 2, 
tie flgiine are the working lohdb In pounds ]jer aquare inch for Tertlcal HtnilB. 
Mh eaia are supposed to be secured as indlcnted n Ihe luiBd of e>r;li 

da are not aecured alike, take a mean proportloaal between tbe 

t ia hinged hy aaj- uncertain method no that (he centres of pina 
strut may not coincide, or the pins may be relatively small aod 



Lms'h. 


BUM EjKd.. 


FliUE^. 


SingM End.. 






Roma EadK. 


tf CyrMi™. 










20 


21900 


21900 


21200 


20300 


30 


15400 


15400 


14300 


13800 


40 


13500 


13500 


12800 


11600 


50 


12600 


12600 


11700 


10300 


60 


11700 


11700 


10800 


9130 


70 


lOSOO 


10800 


9800 


8050 


80 




10000 


8900 


7070 


90 


9260 


9230 


7980 


6090 


iro 


B550 


8500 


7090 


5200 


110 


8070 


7800 


6410 


4540 


120 


75B0 


7140 


5770 




130 


7000 


6510 


5150 


3330 


140 


MIO 


5910 


4550 


2780 


ISO 


5S50 




3940 


2340 


IflO 


5500 


4780 


3350 


1920 


170 


1980 


4350 


2860 


1660 


ISO 


4460 


3750 


2400 


1410 


ISO 


3960 


3310 


2080 


1190 


a» 


3580 


2860 


1330 


1020 


210 


3180 


2670 


1590 


890 


220 


2S8D 


2440 


1400 


790 


230 


8610 


2250 


1250 


720 


240 


E410 


2070 


1140 


650 


250 


Z180 


1910 


1040 


600 


zeo 


1960 


1750 


940 


550 


.270 


1B40 


1610 




500 


28D 


1720 


1460 


790 


440 


390 


1610 


1330 


72D 


410 


3DD 


1500 


IISOO 


670 


370 
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ROX.LXID STRUCTTTRAI, 8HAFEB AS STRUTS. 

The following taljIeH of aafe lojfls for rolled etrufs are 
derived from previous table No. 4, and from the columns 
giveo for flat-ended bearings. 

When Bteel of medium grade ie used, say 65,000 ponnds 
tensile strength or greater, the tahlea derived from No. 4 
can be need, described as applicable to steel of medimn 
grade. 

In all cases the strut is suppioBcd to be vertical. In diori 
Etmts this distinction is immaterial, but in long horizontal 
stmts some allowance is necessary for the deflection due to 
weight. 

If the struts are rigidly connected at the ends to con- 
tiguous parta of a structure, the increase of resistance be- 
comes considerable in extremely long struts, and proper 
allowance can be made by using the columns for ''FiseJ 
Ends " in table No. 4. On the contrary, if the end bearing 
of the strut is to be of uncertain character or fit, it will 
be best to reduce the safe load to that in the columns for 
"Round Ends," in the same table. In these working 
tables the catcalations are made to apply to the mean thick- 
nesses of each shape. Where more exact results are re- 
quired for thicknesses above or below the mean, the true 
radius of gyration of the section will be found on pages 189 
to 216. But within the range of variation of tliickneas 
possible for any shape, the tables may be accepted ae prac- 
tically correct. 

For I beams, table No. 7 applies to cases where the 
strut ia braced in the direction of the flanges, so thnt 
failure could occur in the direction of the web only. For 
unbraced I struts use table No. 8. Likewise for channel 
bars used as struts, and braced to resist failure in tlie 
directions of the flanges, use table No. 9 same as for latticed 
channels. 

For a pair of latticed channels, which form a more perfect 
cohimn than single rolled sections, the safe loads are given 
for various conditions of the end bearings, as described on 
pages 158 and 159. On the table No. 9 the distances Doid 



angea inward or out.ward, res|iectively, make the rnclii 
of gyration equal for eitlier direetion of axis, parallel to web 
or to the fiangefl. 

Under each length of etruta in the table, I repreaente the 
greatest djetanue apart in feet that centres of lateral hrnting 
can be spaced, without allowing weakness in tbe individual 
channels. The distance I is obtained as shown in last ex< 



ample, that is, by making — 



~- B 



I -^ length between bi'acing. 
L --^ total length of strut. 

r =^ least radina of gyration for a Kiiigle channel. 
R ^ least radius of gyration for the wholi' section. 




customary to make I much shorter than given in the 
JIables, the figures given beii>g tiseful as a guide. If a 
Aama is composed of four angles, forming the corners of 
square, and properly latticed aa explained above, And the 
^ioa of gyration of the combined section, as desuribed on 
page 186, and then the working resL^tunce trom tables Nos. 
6, or the safe load can be ascertained approximately 
table No. 16 on page 180 for square coluiuna. 
Wtken a pair of angles are tied together forming a single 



3 the greatest radius of gyration, around axiw -I B, in 
ItCduinnNo. IX, page 207, for ii single angle iis (he Icat^t radius 
|[ar|[7mtion of the pair, ami proceed as before deaftxttKA. 



TABLE OF STRUTS.— No. 1 

LATTICED CHANNEL STRUTS 



"1 




IBini. 



LENGTH IN FEET. 



I S I 10 I II I 14 I IS I II 
jrtafsatx^e load iiipouiutipfrjquareiach nf 

Oo' 22000 '30420 17430' 15380 1425o'l35 
00 22000 20430 17430 152B0 14250 135 
00 22000' 19720 16740 14630,13600 12S 
00 22000. 18670' 1&4B0 13630 12580, 117 

w 1.381 1.721 2.1K 2.J11 a, 7a a 

00 20520, 16870, 14760 13770 13110 126 

00 205201 16870. 14760 13770 13110 138 

00' 19810 16180,14090 1310il'12330.117 

00; 18790' 149401 13130 11970' 11060 104 

Filed. 220001 17440 MTOo' 13590 12890112450 118 
)] 17440 14700, 13590 12890112450 118 
• Blaged. 22000 16740 14040 12900 12060 11520 106 
■ 1, 15460; 13070 11720107X110010^ BE 

.jl 162Q0' 14170, 13l'90i 12620 12070 113 

20810 16200 14170, 13190' 12620 12070 113 

. 20100 15540 13500: 12430 11720 11160 104 

19130 14390 12470 11180,10330 95301 87 

) 14BO0' 13500' 127X' 12160111370 lOfl 
), 14900 13500 127K 12160!ll370|106 
1 14240 12800, 11870 11240,10430 96 
] 13270 11600,10490 B630'. 8720. 78 

16570' 13^il287ol 1^111320110490' 97 

13930 13870' 12230! H320'10490 97 

13280 12040' 11300 103701 9500! 86 

12180 10700 9690 8650, 7670' 67 



D 1 13170 12360 11340 
1| 13170 12360,11340 
3 13400; 11440! 10380 



10400' 9580 88 

10400: 9560 87 

9390, 8380, 74 

75501 BdlO 55 



ijL 



i 



Cepectl'sl; eiron In Inches In the m'srgi- I 1 

iffl^MlumS. Figure in .mnller lype . (---D.— i , 
undereacli length represent thogreaict 

dHWn™ ijKrt in feel on ™cli cbHniiel L J 

, Ui»t centresoflsterilbrBtiUBshouliibe ^-^ '^— J 



ifiJfOrff/Ar/EfiT. 






M 1 » 1 29 1 30 { 3» 


at 


M 


iUtufc loai iBpoKndijMTijKarf iFi 


4./.,. 


/„., 



2460 12070, 1 
B430 1207011 
1520: 11160 1 
DOlOl 9S30| 

1B60| 10760' 1 
'*"ll 107601 1 
[)320| 9780 ' 



Q 10450 10100 
10450 loino 
0' 9450 8040 
Dj 7620 7200 

SLOO 8710 
3 9060 8660 
3 7780l 7290 



Uouud. 
Filed. 



9im I 

9060 I 
7780 ' 



I, 77001 

i| 6320l 

I 4450 

i| 7550 ' 

I. 7090 I 

I. 5730' ! 



7270 I'lal. 
5900' Hinff 
4040 Bouu 



), 6060. 5640 5180 Flied. 

...)■ 5460 4950 4450. Plst. 

I 4640 40S0 3530! 305OJ Hinged. 

"""1 2440 3050 1760 Round. 

)■ 4910 : 4360 : 3S5o|Fli8d. 

), 41801 36601 3210 1 Flat, 

)l 2800 2330. 20I0|IIIi.ued. 
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PENCOVD TEES AS STBUTS-No. 13. 



r ^ lesal ndius of gf latloD of e*di slia. 



g 


/.^•yft7//w^-^/;7'. 


s 1 * 1 a 1 8 1 iQ 1 la 1 Li 1 H 1 IB 1 M 


Ortalal iqA (mil 't> ,:v>iwU ptr fi«are iiuih nftecHm. 


4 
.85 


16280 


12110 


6640 


7610 


5840 


4280 


3040 


2330 


1840 


1430 


® 


14680 


11200 


seoo 


6430 


4SS0 


3060 


2250 


1710 


1250 




3 

.82 


13670 


10210 


7390 


6080 


3190 


2210 


1590 








a> 


13010 


9310 


6310 


3880 


2400 


1660 










s 


■^ 


8500 


S330 


2960 


1910 


izoo 










2 
^1 


11870 


7330 


3ff70 


2170 


1290 












s 


11130 


6310 


2960 


16S0 














.s 


10400 


5330 


2340 


1200 














a' 


10000 


4760 


2070 
















1 

.2S 


goeo 


3540 


1510 
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COLUMNS OF ROUND AND SQUARE BBCTION. 

Experiiiii?iito on coliitiiiiH of tliiM dues an 
plute, (>epecmlly &e denoting the njmparalivo valueti for tlie 
variona end (■onditioriK. The followiNi; tallies, Nos. 14 to 10, 
are derived partly from cipenmenton imtnal oolumiiB. ei- 
tended and i^ompleted \>y roinpiirleon witli the cxjierimenli 
on rolled strnts from which all our previous tables of etnl 
remstanws iire derived. 

Table No. 4, page lii.i, iitlakcn an the \Muh for the working 
values. On account of the more perfect syinmetry of furm 
posseatted by round and square sectioni than the ifliapcs (ir 
which thifl table was eepecittlly calculated, the mfe lo»di 
per square inch of section are increaHtd ttn (10) per cent 
for round columnii,anil five (6* per cent, for square calumni. 
That ie, the factors of eafcty previously given remain Ibe 
HEiiie, the ultimate strength is supposed to be 10 and S p« 
cent, respectively greater than the rolled struts. 

The tables are calculated for certain thickncBses, varying 
from i inch for 2-inch diameter up to S inch for 12^inch 
diameter, ae marked in the margins. At the same place 
R represents the radius of gyration for the diameter and 
thickness given. When the thickness varies but a Utile 
from that given, the strength per square inch of section can 
be accepted as practically unchanged. But when the varis- 
tion becomes of importance, the radius of gyration corre- 
sponding to the altered thickness will have to be obtained, 
and the strength of the column then aact;rtained from table 
No. 4 , as heretofore deecribed. 

The following table gives the values of the radius of 
gyration for round and square columnn from 2 to 12 inches 
diameter, and from ft of an inch to 1 inch thick. 

Example for Round Column : 

What is the greatest safe load for a flat-ended round 
column inches outer diamet«r, J inch thick, 8.64 aqnon 
inches area, and 18 feet long,r = 1.9.5 - =1117 By table 
No. 4, the orreapondJDg safe load — 7,730 lbs. + 10 per 
cent. = 8,500 Ibe. per square inch of section, or 73,440 llie. 
for the column. 
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No. 1-1:. 






RADn OF GYRATION FOR BOUND 






COLUMNS. 


■=- 




i 


mtob«Hi»/MA« Y,iryi^by D»It<. 


.1 1 ^ [ J I .4 1 .5 j .6 1 .7 1 .8 1 .8 1 1.0 






fl7 


M 


fil 


,=18 


!W 


,"-1 


m 


fii 


,=10 


.50 


























4 


t ;« 


i,:is 


\-M 


1 w 


1 Ml 


IKM 


1 m 


1 IH 


1 14 


1.12 




5 


I7H 


170 


IHH 


im 


Ififl 


1S7 


l,S4 


IRl 


14H 


1.46 








sm 


pn? 






10? 


IR') 


1 Wl 


1«1 


1.80 




























e 


K-ffl 


WW 


K7:< 








■.i,W 


MSH 


'.^M 


2.50 






^15 


;m 


rioH 


:(n4 


sm 


?P7 


?*1 


HOI 




2.85 






























aMH 




;<VM 


Wlb 


;iv;f 




;ms 


;■{«>■ 


;(hH 


3.55 




12 


4.^1 


4,18 


4.1& 


4.11 


4.08 


4.04 


4.01 


3.97 


3,94 


3,90 




RADn OF GYRATION FOB SQUARE 




COLUMNS. 




!i 


Thieknru in /(irA'j Inryfnj fty Ttn/Ai. 




i' 


.1 .2 3 .4 .& .G .7 .8 .9 1.0 






2 


.7R 


,74 


,71 


,fin 


,fkS 


.63 .81 


f» 


Rfi 


,58 


3 


1 1« 


1 14 


111 


IIW 


1(M 




«* 


03 


.01 






i5q 


IWi 


ini 


147 






































M4I 


■,(;r/ 


M,;« 


V.'M 


■^ii'i 


2.21 2.18 


Mlh 


«11 


2 03 






?HK 


?.1H 


M74 


■?.lt\ 




2.62 ! 268 


BlVi 


flm 


2,48 








ail 


;nR 




















M-hH 




•AM 




3,44 3.40 


;iHh 


H;)i^ 


3.29 






4(>4 


4 (XI 


HH« 


:^')',^ 


HKH 


3.84 1 3,80 


;iT7 


:vr,'i 


3.70 








4 41 


4 m 


4^1 




4.25 ' 4.21 


4 17 


4ia 


4.10 




12 


.» 




'■'" 


4.74 


4,7U 


4.66 : 4.62 


..». 


4,54 


4-51 






\ 
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STEEL COLUMNS.-No. 15. 

ROUND SECTION. 



LEKOTH IK F. 



lied. 23000 23000,230a0'20920 17050 15570 14630! 
lat, 2300023000123000 20920 17050 15570 14630! 
inged. 2300O23000 33000 20140il6390 I4810,13810i 
ouad, 23000:2300023000 18760:15260!13670 12450 11590' 10880 



. !23Oa0^33O002281O17780il557O145O013870 
I23000J23000 228101778015570114500 138701 
Hinged. 23000l230002£030ll70«) 14830,1366012880 



13260 12300 
13380,12500 
122eo:il4a) 
10470 95* 



, 33000Z30001S600;i5490142501355012570'l! 

23000'23000 18600115490 14250 13550 125701] 

<1. 23000 23000 17850 14740 13350 13540 11560 K 

1. 2300033000H6430'1359011BI0 10830 9690, f 



l"lhlok. \l 



t 



iOil3610ill5401D040 8640 7350 t 

. 33000!l735o'l43701306o'lI600 10360 9380 £ 

'fliH37013060:1160010340 9180 i 

I013500il208010520 9000 7620' t 

I. 23000! &430;i3090:i0270' 8500' 6940 5550, ^ 

23000,15490 13550 11690 10170 8970 7940, ( 

2300015490,135501169010140 8710 7420 f 

(-2300014740,12540106301 8760, 7180 59^0 A 

---> 6630, 5120 3900 i 

30770! 1400011700 9720j 8350 6850 5590' 

20770:14000 11700 9670 7850 6350 4790 

1, 19990 13060 10650 8190 6350 4740! 3250 

.aund. ,18650 11540 S640 6110 4310 2860 18B0 

Hod. 1545011640 8920 6780 4810 3333 2290 1 

Int. 1545011640 8650 6150 4040 2730 2020 1 

[Ingtd, 14700 1057D 7120 4640 2580 1580; 1090 

,ound. 13530. 8560 5060 2790 1510 880 630 



4380' 3300 
3560 2T90 
3230 IBS 





■ STEEL COLITMNS.-No. 13. 


■ ROUND SECTION. 


anc«Ti*T aaFC LoitDt in pouhdb nn aauiiti inch or icctioh fou 


Tbe olculntloDa iro bued on the thlckn«>es and nulU of gTntion marked 




LENGTH IN FEET. 


s 


*/. 


i.{«{»|»|o|>.|«l» 


M 


Sreaiett Sitfr Load in Fmiitdi per Sjaare Inch uj Sr, 


1 1 , 1 1 1 I 1 1 

12930112350,11750 1123o!l0730 10240 ' 9770 , 9340 9020 FUtd. 
12B3012350 11750, 11230 110710 10220 9730 9360 8800 Flai. 
1940:11310 10700. lOOBOl 9450' 8850 8260 7710 7260 Hinged 
10U0| 94CM 8690^ aO70| 7410 6770 61B0 56a) 5200 Rsund. 


lains. 
'^^''thiek. 


11770 11150 10550 998o' 9430 9040 8670 82eo'7a20 Filed, 
11770 11160 10540 9950 9370. B830l8290 77e07290iFlal. 
L0730 9990i 9230 S520 7B30 7300,6770 83705790 Hingsd 
;e720, 79e0| 7180 6450 5750, 5230 4730'4240 3780 Ennnd. 


10 ins. 


1170 9460 
1301 9410 
S760; 7B70 
6680 5790 


S2SS 


6830 
6230 
4710 
2850 


6380 5910 Fined. 
5660 5120 V\d.i. 
4110 3560 illnged. 
2430 2040 K.>nnd, 


8iaB. 
Ji"Oiiek. 


«3a0 7570 
7850 7030 
B350 5530 
4310 3640 


6850 6250 ' 55B0 4910 4280 
6250 5500 4790 ! 4120 3560 
4740, 3940 3250 2640 2230 
2860 2300 1880: 1550 1?70 


3760 3300 Fl»ed. 
3130 37S0 Fl«. 
1910,1620 Hldged. 
I060| 910 Round. 


etns. 


6730, 5990 
6100 5200 
4680 3630 
Z7S0 2080 


5160' 4350 37201 3180 
4370' 3630 3100 2700 
28601 2280 1880 1550 
1670' 1300 lose 870 


2800 
2390 
1320 
760 


2430 
212C 

670 


2110 
1370 
1000 
5SD 


not. 

Hinged, 


!^,"lhl.t. 


4880' 4000' 3280 
41X: 33101 2760 

aeaO' 20501 isio 

, 1540; 1150 910 


279( 
76C 


2330 
2050 
1110 
650 


2010 
1760 
940 
550 


179C 
46C 






Flji*d. 
flau 
Hinged. 


«ine. 

K"U>lok! 
S= 1,33 


aeso 

2280 
12S0 

, 730 


2100 

1860 
1000 
5S0 


leoo 

1490 
810 
460 














Filed. 

Hinged, 
itound. 

Hinged. 
Rouud. 


-v'Tbiok! 

Slni. 
H" thick. 


■ \ 


^^^■n 11% 























STEEL COLUMNS.— So. 1«. 

SQUARE SCCTrON. 



3 in-. 

Side. 

A"lhJfk. 



I.ENGTff IS FEET. 



KoudJ, 2 
Riei 2 

Ulngcd.lZ 

Round. 2 

Fiud. 2 

FiDi. 2 

Fllogoii, 2 

oiRound, 3 

■ Filed. 

. 'giDgfd. 



' I • I ■• I ■' I » I " I " 

e fond fnpoimJl per ijiHjrB fae* r?/ xJcHon. 

Z3000'23000'2300o!224C»|l858o'i59eo' 14780: 14O2o1l3490 
23D00 23000 23000:22400,18580 lSgeoiI4780,14020'134IB 
23000 23000 23000,216W 17850 15240:i4O70 13240il381(l 
E30OO 23000 23DO0 2068016510 MIBO 12960,1195011121X1 

23000 2330023000 19240 15960 14580 13760 1326o'l27£0 
23000.23000 33000 19240 15960 14580! 13760,13260:1278) 
23000 2300023000 18510 15240 13800:12950 12320l 11 82) 
23000:23000.23000 17180 14190 12730'll620 10860:10130 

23000 2300o'2022o' 1587o' 14300 134So' 12890 12050 11320 
23000 23000 20220 15870.14300 13450112890 12O&0.113SD 
2300023000 19480 1516011^80 1257011930 11090:10260 
23000,230001812014120133501115010250 932ft 8410 

)1587o'l396o'l31 10 1204011080 10230, 93» 
)i5370 13960 13110 1204011080 102201 93» 
11515013170121201109010050. 9010l 8010 
1141101187010550 9320 8130' 70601 6030 
I I i i 

114440131901198010820,9810 8900' 689) 
n4440131901ieSO 108201 9780 8810. 7880 
113740 12220,11000 07401 8490 7330 6440 
n255(riO720j 9210' 78301 6510. 53S0. 4M0 

1134401203010630 9420 B4So' 7630| 6570 

1134401203010630 9380 8200' 7130l 6I3C 

11255011070, 9520 7990 0740- 57001 4700 

111130 9300 7590 8020 4780 37801 2860 

11204010230 8790 Tffio! S440 5390 4270 

1139601204010220. 8610 7150. 5B40 4630 3580 

11317011090. SOlO 7140 5720, 4390 3150 2260 

9320 7060| 5160 3790: 2640 1830 1300 

15910 12060 »60 7eBo' 5970 4320 3080 23001 18D0 

1591012060 »420 7190 5260 3610 2600 2020 1530 

151901)110 8050 6750 3780 2290 1510 1100 830 

14140 9350 6O70: 3830 2200: 1320 850 630 48] 





ELEMENTS OP 


PENCOYD BEAMS. 

-H- 


^ 


X. 


~^~ 


xn. 


xni, 1 XII. 


^r 


"7^ 


'- 




<uef 


Bi^Ul- 


O^.jor 






iVelght 


Ogmli^i. 




Saf>:L«ul _ 


"hcffickil /or OrjUaion. 


S 


?' 




Aif 




"atiT 


UlHbtiled 


(tei/sr 


A.S. 


C.D. 


A.B. 












1 


947 


1.35 ' 176.0 


^asV 


00000076^ 


,00000122 


37,9 


80,0 


24 


8.34 


1.33 1 181.8 


969^6 1 


)0000073 




48.5 


85.0 


34 


9.44 


1.44 , 196.4 


1047,4 


00000068 


!00000109 


48.3 


90.0 


24 


9.32 


1.41 ' 202.3 


1078,7 ' 


00000066 


,00000106 


59.7 


95.0 


34 


9.21 


1.40 1 208.1 


1109,9 


00000064 


,00000103 


71.7 


100.0 


24 


1S0 


1.20 


118,0 


629,2 ' 


00000137 


.00000217 


37.1 




20 


7.73 


1-18 


122,9 


655,5 1 


00000130 


.00000209 


49,1 


70.0 


20 


7.61 


1.17 


127.8 




00000125 


,00000200 


61,5 


75,0 


20 


7-73 




140.4 


749!o , 


00000114 


-00000183 


60,3 


80,0 


20 


7.62 


127 


145.3 


775.0 


ooooono 


,00000176 


73.1 


85,0 


30 


7.53 


1.26 


150.3 


800.9 


00000106 


.00000171 




90.0 


20 


7.57 


1.39 


160.2 


864.1 


00000100 




ig2 




30 


7.49 


1.37 


165.0 




00000097 


,00000155 


92.4 


1000 


20 


7.08 


1.14 




479.4 


00000198 


,00000317 




55,0 


18 


9.9* 


1-12 




503.6 


00000188 


,00000303 


45^3 


60.0 


18 


6.82 


1.10 




5Z7.3 


00000180 


,00000288 


53.1 


65,0 


IB 


6.91 


1-21 


logii 


581.8 


00000162 


.00000361 


57.3 


70.0 


18 


6.81 


1-20 


113.7 


606,5 


00000156 


00000250 






13 


6.72 


1.19 


iis.a 


630.2 


00000150 


.00000341 


84[2 


8o!o 


18 


6.78 




127.7 


689.9 


00000139 


,00000233 


76.0 


85.0 


18 


e.70 


l!32 1 132.0 


712-9 


00000135 


,00000216 




90.0 


18 


5.9B 


1.08 


59,3 


315,5 


00000357 


-00000578 


23:8 


43 


15 


5.S0 


1.06 


61,4 


3Z7,3 


00000348 


.00000557 


31,2 


45.0 


15 


5.92 


1.14 




366,4 


00000311 


-00000498 


35.1 


50.0 


15 


5.79 


1.12 


72;4 


386,0 


00000295 


-00000473 


48.1 






5.92 


125 


82,5 


440,2 


00000258 


,00000414 


44,7 


60.0 


15 


S.82 






459.8 


00000247 


-00000397 


57,8 


65,0 


15 


5.91 


1:33 


95^8 


511.1 


00000223 




54.9 


70.0 


15 


5.82 


1.33 99.5 


530.5 


00000214 


,00000344 


68,0 


75,0 


15 


5.73 


1,32 


103.2 


550.3 


00000207 


,00000331 


81,3 


80.0 


15 


4,86 


1.01 


36,5 


194.4 


00000727 


,00001172 


17-8 


31,5 


12 


4.74 


0-99 




205.3 


00000693 


,00001110 


36.6 


35,0 


12 


4.83 


1.10 


45.8 


244.2 


00000582 


,00000933 




40.0 


12 


4.70 


1.08 


48.7 


2S9.8 


00000547 


.00000877 




45,0 


12 


4.75 


1,19 


55.4 


295.2 


000004S3 






50.0 


13 


4.77 


1-2S 


61.3 


327.2 


00000435 


,00000697 


40.3 


55.0 


12 


4.68 


1.24 


64.3 


342,9 


00000415 


,00000865 


54-2 


60-0 


12 


4.59 


^ 


S7.3 


358.7 


00000397 




67,2 


65,0 


12 



m 



■ 




ELEMENTS OF PENCOYD BEAMS. 








I 


/ 


i 


\J" 




I. 


IL 


ni. 


IV. 


y. 


Tt. 


TH. 1 vin. 




££. 


Sguate 




"SSL" 


StmnllfBailiil 


as. 


ill. 


A.B. 


aft 




10 

10 

18 


lOOB 

lOlB 
ID2B 
10311 


7.34 
8.32 
10.27 
11.75 


3o!oo 

35,00 
40.00 


123.07 
135.41 
163.14 
175,48 


6.81 
7.58 
11-19 
12,36 


\S.T1 
15.35 
15,89 
14,93 


093 

1.DB. 
1,05 






90B 
91 H 
9211 
93B 


6.17 
7,34 

loiao 


21.00 
25,00 
30,00 
35,00 


84.94 
92.83 
102,80 
113,76 


5.06 
5.60 
6-37 
7.25 


13.77 
12.65 
11.66 
10.95 


0,83 
0,78 






SOB 
81 li 
8211 
83B 


5.29 
6.03 
6.77 
7.50 


IS DO 
20.50 
23,00 
25.50 


57.38 
61.29 
65.21 
69.14 


3-73 
4-02 
4.35 
4-70 


10.84 
10.16 
9,63 
9.22 


0.64 






70B 
71B 
T2B 


4.42 
S.15 
5.88 


15.00 
17,50 
20.00 


36,61 
39,58 
42,55 


2.64 
2.90 
3.20 


7:69 
7.24 


O.60 
0,56 
0.54 






eoB 

61B 

e2B 

63B 


3.60 
4.34 
5.07 
9.49 


12.2S 

14.75 
17,25 
32,X 


22,09 
24.28 
36,50 
51.79 


1.83 
2.06 
2.34 
11.66 


6.14 
5,59 
5,23 
5.46 


0.51- 
0.48 
0.46 
1.23 






63n 

6711 


10.99 
12.06 


37,40 


56.29 
63,87 


13.78 
18.23 


5,12 
5,30 


1,51 






67B 


13.56 


46.10 


6S,37 


21.22 


5,04 


1,56 






53B 


2.87 
3,80 
4.31 


9.75 
12.25 
14.75 


12,13 
13,66 
15,18 


1.21 
1.42 
1.67 


4,22 
3,79 
3.50 


0,43 
0,40 
0.39 






«B 
41 It 
42B 
43B 


120 

2.S0 

a.79 

3.06 


7,50 

aso 

9.50 
10.50 


5,90 
6,29 
6,6S 
7,07 


0,76 
0,83 
0.91 
1.00 


2!52 
2.39 
Z30 


0,34 
0.33 
033 

a32 




3 
3 
3 


30B 
31B 
3ZB 


1.62 
1.91 

2J0 


5.50 
6.50 
7.50 


2.43 
Z.64 
Z87 


0.45 
0.51 
059 


1..50 0.28 
1.38 0.21 
1,30 0.2/ 


E = '- 























ELI 


:mes 


TS OF 


PENCC 

A 


YD B 


EAMS. 






'\r 


h 


1 


B.| X 


i:r 


xm 1 


xin. 1 


XIV. 


XV. 


IV. 


1- 

10 
10 


GuraUoK. 


IbAI- 


^j^, Ocpciril M Dcjhclirin. 


^fax. 
Lied 


WeifM 

C 

in Ui 


4.10 
3.S2 
3-99 
3.86 


0.96 
0-93 
1.04 
1.03 


24.6 
27.1 
33.6 
35.1 


'?£" ' 


"sr'l 


Loa.1, 


131-3 
144.4 
174.0 
187.3 


0000129 
0000118 
0000098 
0000091 


0000208 
0000189 
0000156 
0000146 


13.5 


25-00 
30.00 
35,00 
40,00 


3.71 
3,56 
3.41 
3.31 


0.91 
0,87 
0-85 


1S.9 
20.6 
22.8 
25.1 


100,7 
110.0 
121.8 
133.6 


0000185 
0000172 
0000156 
0000142 1 


0000302 
0000276 
0000249 
0000227 


10,6 

34!i 
46,9 


21,00 
25.00 
30.00 
35,00 


9 
9 


3.29 
3.19 
3.10 
3.04 


0.6i 
0.82 
0,80 
0.79 


14.3 
15.3 
16.3 
17.3 


76-5 
81.7 
87,0 


0000275 1 
0000261 
0000245 
0000231 


0000447 
0000418 
0000393 
0000371 


9,7 
16.3 
22.9 
29.4 


18.00 
20,50 
23.00 
35,50 


8 


ZBS 
Z77 
2.69 


0,78 
0-75 
0-74 


10.5 
11,3 


SS.8 
64!8 


0000433 
0000404 
0000376 


0000700 
0000648 
0000603 


8.6 
15,1 
21.6 


15,00 
17.50 
20.00 


7 
7 


2.4S 
2.36 
2.29 

Z34 


0-71 
0-69 
0-68 
l-ll 


7-4 
8.1 
8.8 
17-3 


39.3 
43.2 
47.1 
9Z.1 


0000717 
0000659 
0000604 
0000310 


0001161 
0001056 
0000968 
0000495 


69 

19^9 
Zl,9 


12 25 
14.75 
17-35 
33,30 


6 


8.38 
2.30 


1.12 
1.23 


18,8 
21-3 


100,1 
113.6 


0000286 
0000251 


0000401 


23.5 


37.40 
41.00 


6 
6 


E.2S 


1.26 


22.8 


121.6 


0000235 


0000375 


40.7 ' 46.10 


6 


S 


0.85 
0.63 
0.62 


4.9 
5.5 
6.1 


25-9 
29.1 
32.4 


0001305 1 

oooim 1 

0001054 ■ 


0002115 
0001877 
0001689 


5,5 
12.1 
18.4 


9,75 
12.25 
14,75 


t 

5 


i 


0.58 
0.57 
0.67 
0.67 


3.0 
3Z 
3.3 
3.5 


15.7 
16-8 
17-8 
18-9 


0002671 
0002544 
0002395 
0002263 


0004346 
0004076 
0003838 
0003627 


4.1 
6-7 
9.2 
11-7 


7.50 
8.50 
9.50 
10.50 


4 
4 


1^ 

1-17 
1 14 


as3 

0.52 
0,52 


1,6 
1.8 
1.9 


8.6 
9.4 ' 
10.2 1 


0006452 
000606! 
0005575 


0010552 
0009713 
0008934 


2.7 
5,3 
7.3 


5,50 
6.50 
7.50 


3 
4 



B«gfelda 



F 






ELEMENTS OF PENCOYD CHANNELS. 


1 






-41- 


J 




1-c 


i 




B 






1^ 


II. 


HI. 


TV. 


''■ 


vr. 


vn- 


vm. 


IX. 1 








^ 




Momf 






/Rod. 


Xadiui 


1 


t 


JVg. 


'^r 


E, 


Iner 




















16 








A.S. 


CD. 


A.B. 


at). 


A.S. a 


ISOC 


9,69 


33.0 


311.21 


8.10 


32.12 


084 


5,67 






i5in 


10.29 




322.46 


8.48 


31-34 


OH? 


5.60 0. 




15 


152(1 


11.76 


40.0 


350.02 


9.38 


29.76 


IJ.Hll 


5.46 0. 




15 


isa; 


13.23 


45.0 


377.59 


10-29 


28-54 


nVH 


5,34 0, 




15 


154C 


14.70 




442-29 


15.87 


30.09 


im 


5.49 1, 




15 


155C 


16,17 


55.0 


469.85 




29.0S 


i.oy 




1 






Bfl? 




129.27 


3,90 


21,47 


0.65 


4.63 0, 
























12 


122(3 


8.82 


30.0 


162.83 


5.20 


18.46 


ow 


4.30 0. 
























12 


134C 


11.76 


40.0 


225.25 


10,49 


19.15 


u.By 


4.38 0. 




12 


128C 


6,01 


20.5 


123.98 


3-10 


20,63 


0.52 4.54 0. 




12 


i2ec 


9.40 


32.0 


164,30 


4.42 


17.48 


0.47 4,18 












87.U 


2.28 


15,22 


0,E2 1 3.90 0, 




10 


loin 




20.0 


79.36 


2.84 


13.60 


0,48 1 3.67 




10 


loa; 


7.36 


25.0 


100,11 


4-39 


13,60 


0,60 3.69 0. 






103C 




SO.0 


112.36 


5.16 


12.72 


0,58 ■ 3,57 




10 


104C 


10,29 


35,0 


124.61 


5-99 


13-11 


0.58 , 3.48 

1 












47,89 


1-77 


12,31 


0.45 3,51 




e 


9i(; 


4-41 


15.00 


51,35 


1,95 


11-64 


0.44 ■ 3,41 0. 




9 


92C 


5,86 


20,00 


66.B7 


3.19 


11.39 


0,&4 1 3.38 




9 


m: 


7.35 


25,00 


76.93 


3-89 


10,47 


0,53 1 3,24 




8 


BOC 


3,31 


11.25 


32,51 


1.32 


9-82 


0.40 ,3.13 






811 ■ 




13.7E 




1,55 


9.02 


n:ift 


3.00 
























s 




5,51 


18,75 


47,93 


2.65 


8.70 


l)4H 


2.9S 


1 / 


e 


B4C 


6,25 


21.25 


51.85 


2-97 


B,30 


0.4U 


2.S8 : 


|/ 























ELEMENTS OF PENCOYD CHANNELS. 



XI. 


Xtl. 


xni. 


XIV, 


r Ilefl'i'Hm. 


XVI. 


"d" 


J^«ir^ 


Our, /or 

OnalrtI 


Mtt 


trm 






Omln 


Tern. 


flour (0 




A.B. 




Load. 




0.79 


41.5 


2213 


.00000514 


.00000826 


22,5 


0.78 


43,0 


229!3 


.00000496 


.00000796 


27,4 


0.78 


46.7 


248.9 


.00000457 


.00000734 


40,0 


^0.78 


50,4 


2B8.5 


.00000424 


,00000681 


53.1 


0.94 


59,0 


314.5 


.00000362 


.00000581 


54,5 


0.B5 


62.7 


334.1 


.00000340 


.00000546 


67.7 


■0.70 


Z1.S 


114,9 


,00001237 


,00001936 


11.7 


0.87 


24.2 


129.0 


.00001103 




225 


0.67 


27.1 


144.7 


.00000983 


.00001578 


35,7 1 


0.89 


34,6 


184.6 


.00000770 


,00001236 


34.7 ; 


0^9 


37,5 


200.2 


.00000710 


.00001140 


47.8 


D.62 


20,7 


110,2 


.00001290 


,00002072 


12,1 


0.62 


37.4 


146.0 


,00000974 


.00001564 


' 


<0.S4 


13.4 


71,6 


.00002384 


.00003838 


8.2 




15.9 


84-7 


.00002016 


.00003246 


Z0.6 


10.71 


20.0 


106,8 


.00001598 


.00002573 


27,4 


0.73 


22.5 


119.9 


.00001424 


,00002293 


40,5 


0,79 


24.9 


132.9 


.00001234 


.00002067 


53.4 ' 


*eo 


10.6 


56.8 


.00003341 


.00005379 


7.8 


O.SB 


11.4 


60.9 


.00003116 


!00005017 


12.1 


oes 


M.9 


7B.4 




.00003846 


19.8 


o-ag 


17.1 


01.2 


!00002080 


.00003349 




car- 


a.i 


43,4 


.00004921 


.00007923 


6.8 


ess 


g.i 


48.6 


,00004393 


.00007071 


13.2 , 


0.65 


11,0 


58,7 


,00003636 


.00005854 


15.4 


0.66 


12,0 


63,9 


,00003338 


•00005374 




O.SS 


13,0 




,00003086 


.00004968 


28:6 



^ 






KliKMI<:NTU Ofr 


PUNCOYD CHANS 








c-t 


> 


I. 

hi. 

7 
7 
7 
7 

7 


11, 


III. 


IV. 


V. 1 VI. 


VII. jvm.,|l 


■•r 


in 


Lb,. 


"IZf 


rcffi'l 


A. a. 


c.t 


A.M. 


-i 


tcm; 

71(' 
7»' 
73<! 
74(! 


288 
3.60 
4 34 
607 
5.81 


8.75 
12.25 
H.7S 
17,25 
19.76 


21.37 
34.37 
29.85 
32.85 
36,85 


0.B8 
1,19 

ZIS 
2,49 


7.47 
6.77 
6.88 
6.48 
6.17 


1 

034 i 
0.33 i 
0.44 i 
0.43 i 
0,43 i 





6 

e 


60C 
61(1 
821-' 


2.3S 
3,09 
3.82 
4.56 


8.0O 
10.50 
13,00 
15,50 


13,07 
16,23 
18,43 
30,61 


0.69 
1.08 
1,32 
1-57 


5.56 
5.35 

4,83 
4,53 


0.29 S 
0.35 i 
0.35 S 
0.34 1 




G 


soi; 

S2Lt 


1.91 
3.64 
3.38 


6.50 
9,00 
11.50 


7.37 
8,90 
10.43 


0,47 
0-84 
0.82 


3,86 
3.37 
3.09 


0.ffi 1 
0.24 1 




4 
4 
4 


i 


1.G4 

1.B4 

a.13 


6.26 
6,25 
7.25 


3.74 
4.13 

4.63 


0.32 
0.38 
0.44 


2.43 
2.24 

2.1S 


0,81 
0,21 
0,21^ 




3 
3 
3 


30t! 


118 
1.47 
1.78 


400 
QDO 

eoo 


1.61 
1.B3 
3.06 


0.3D 
0,25 
0,31 


1.36 
1.34 
1.16 


i 




2'j 


231: 


1.13 


3.80 


0.80 


0,19 


0.71 


oxf, 




3 
8 


an? 


0,8T 
1.09 


2.H 

aeo 


0.48 


§:S 


in 


0.10 tj 
0.10 Q 


^ 


l"** 


17C 


ass 


1.13 


0.1S 


0,01 


0,46 


0il3 

,1 


■ 


k 






H 


■ 


k 


^ 


^^_ 


^is^^^^^^H 



r 



ELEMENTS OF PENCOYD CHANNELS. 



xn. xm. 



a^fflciealfor BiJIwIlan. 



.00005360 
.00004870 
.00004463 



aazino \ 

.00017977 ' 
iX>01534O , 



.00099377 
.00087432 ' 
.000780BO I 



2.6 /»333333 



.00024^7 10.7 



.00062373 6.7 



.00322000 I 4.3 I 

.00538686 ■ 3.3 

.00478138 ' 4.8 ! 

.01717342 . 1.0 i 



R 








ELEMEXTS OF PENC0YD Z BABS. 




/' 


1 




:;i'. """• 1 


£ 


MMflna-a. 




p-r 't^,.!^ 


Ei^ 


T a..\a.,.\a..-. 


~Aiii 












V. I>. ' H. K 


A.B 




30Z 


2%i3 i2nfe»\( 


1,94 


6.601 2,81 


zei 0,59 


1,9 




317, 


2.44 


8,29 3.S2 


ase 0.74 








32Z 




10.00 1 4.34 


4.22' 0.92 


zi 






33Z 


iife:|l;| 


3,25 


11.151 4-20 


4-24 0.95 


za 






34Z 


3 51 


11.93 4,54 1 4.64, 1.01 


3.0 






35Z 


3.75,12-75, 4-88' 5.041 1.11 


3.2 






40Z 


pij^lpll 


2,32 


7.88 5-05' 3.47 0,95 


3.0 






41Z 
42Z 


2.91 
3.53 


9,89 7-521 4.491 1.23 
11.90 9.14, 5.58 1,53 


3.7 
4,4 






43Z 
44Z 


iiiftiiil 


3.96 
4.56 


13,46 9.40 1 6,09 1,63 
15.50 10.92 1 7.21 1 1.94 


4.7 
bA 






4ffi 


5.16 


17.54(13.40' 8.40,1 ZZ7 


6.0 






46Z 


3Ai4 x3,^i^ 


5,55 


18.80 liili 


8.73 


2.32 


6.1 






47Z 
48Z 


6.14 
fl,75 


20.87 |13.M 
22.95 14.97 


g.B6 
11.24 


267 
3.03 


6,7 
7.3 






50Z 
51Z 

raz 


3A.5 .M.A 


3,36 1 11.42 1 13.14 
4.05 ■ 13.77 15.93 
4.75 16,15,' 18.76 


5.81 
7.20 
8,67 


1.86 
2.28 
2.75 


5.3 

e,3 

7.3 








ilkfiil 




17.78119,03 


8.77 2.78 


7-6 






54Z 


5.91 


20,09:21,65 


10.19 3.20 


8.6 






5SZ 


6,60 


22,44 24.33 


11.70 3.73 


9.6 






66Z 


^\h\M 


6,96 


23.86123.68.11.37' 3.69 


9.5 




' 


57Z 


7.64 


25.Er7 28,16 [12£3 4.12 


10.3 






60Z 




4.59 


15.61 125-321 9-11 1 3,11 


8.4,' 




eiz 


i|;J4;i4!'6 


5,39 18.32.29,80110.951 3.74 


9.8 




62Z 


6.19 ,'21.05 34.36 U87 i.37 


11.2 






e3z 


lliftill 


6.68 


22.71 34.64 12.59! 4.37 


11,6 






B4Z 

e5z 


7.46 
8.25 


25.36 38.86 
28.05 43.18 


14.42 4,92 
16.34 5,66 


12.8 
141 






eez 


i|:S4l8:| 


8.64 


29,37 42.12 


15.44, 5.61 


14.0 






67Z 


8.38 


31.89 46.13 


17,27 1 6.16 


15.2 




b 


6BZ 


10.ie 34.54. 50.es 


19.18 8.85 


18,4 





r 

i — 



ELE3IENTS OF PENCOYD Z BARS. 



I fW' *" ytt Ibn" Af 



1.15 
l.lfi 


0,54 


lao 

17.0 


1.24 


O.M 
0.65 


15-9 
19.7 


1.Z4 

1.27 


0.64 
0-65 


25.1 


1.26 

1.27 


0.65 
0.66 


32.3 
35.S 
38.7 


i,a2 

1.33 

1,3S 


0.74 
0.75 
0.76 


28-0 
33.6 
30.1 


i.ao 

1.31 


0.73 
0.74 
0.75 


45^6 
50.6 


1.28 

1.30 


0.73 
0.73 


50.5 
55.1 


l.« 

1.43 
1-44 


0.B2 

o!b4 


45.0 
52.4 
59.8 


1.37 
1.39 
1-41 


0.B1 
O.Sl. 
0,63 


61.fi 
68.4 
75.2 


1.34 
1,36 


O.Kl 
O.Sl 
0.82 


74.9 
S1.3 
87.5 




KLEMEXTS OF PENOOYD DECK BEAMg. 



/ 



A 



^ B 




4-D 



I. ' II. 



.JT Section 

in m. 



ni. 



Area 
in Sq, 
Inehrs. ' 



IV. 



11 k> 1101 
llC 1161 



10 1001 
10 1051 



9 
9 



5 
5 



901 
941 



8 ; 881 
8 ; 851 



701 



751 



6 601 
6 ' 641 



501 
551 



9.51 
13.41 



' 8.20 
11.32 



}\>ight j 
per I 

hot 
in 

Lbs. 



32.2 
45.6 



28.0 
38.6 



7.35 25.0 
9.60 ! 32.6 



6.17 ' 21.0 
8.43 , 28.6 



5.32 
7.29 



3.39 
4.64 



18.0 
24.5 



4.27 I 14.5 
5.77 19.6 



11.5 
15.8 



V. 


VL 


VII. 


vm. 


MofMnts of 
Inertia. 


Square of 
Jiaditts of 
OyrutUm, 


Axis 


Axis 


Axis 


AxU 


A.B. 


CD. 


A.B. 


CD. 


179.33 


6.36 


18.86 


0.67 


224.19 


8.14 


16.72 


0.61 


118.55 


6.08 


14.46 


0.74 


145.77 


7.54 

• 


12.88 


0.67 


84.99 


4.85 


11.56 


0.66 


100.68 


5.78 


10.49 


0.60 


57.75 


3.58 


9.36 


0.58 


70.19 


4.44 


8.33 


0.53 


36.99 


2.56 


6.95 


0.48 


45.32 


3.26 


6.22 


0.45 


21.83 


1.62 


5.11 


0.38 


26.50 


2.07 


4.59 


0.36 


11.96 


1.01 


3.53 


0.30 


14.64 


1.29 


3.16 


0.28 



IX. 



Radius of 
Gyration. 



Axis 
A.B. 



4.34 
4.09 



3.80 
3.59 



3.40 
3.24 



3.06 
2.89 



2.64 
2.49 



2.26 
2.14 



1.88 
1.78 



Axis 
CD. 



0.82 
0.78 



0.86 
0.82 



0.81 
0.77 



0.76 
0.73 



0.69 
0.67 



0.62 
0.60 



0.55 
0.53 
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ELEMENTS OP PESCOYD DECK ItEABIS. 



"fc 



...He-o 



XIL 


XIU. 


J 














fortaeH 


/*.f. 
















perj^ 






0.60 






O-60 


IH1.H 




0.54 


nn.fi 




OM 


14U.8 




0.48 


RR.P 




0.48 


lffij.3 




0.43 


fiHl 




0.43 


(&,& 




„^ 


MR 




0.38 


tJa,H 










0.32 


43.0 










0.26 


2ti.ti 





^^," Clips''*™'/"' J'<- 



8S.9 2.55 .0000188 .1 
"" " '~~ .0000159 .1 

.0000277 .( 



xvn. 


XTIIl 


II. 






















& 




























24.3 


Rn7 


HOD 


1 


59.7 


b:£i 


1101) 




20,4 




1001) 




48-2 


4,4B 


lOOD 












39.S 


4.04 


901» 




16.2 


a4H 


801) 






3.ba 






15.1 


%M 


TOD 




32,3 


3-ia 


70D 












25,1 


2,71 


601) 




10.7 


R.m 


SOD 




ZI.4 




SOD 





ELBHEKTS OP PENOOYD BVIA AVOLBB. 



t 



^^r 



I vi. |vn.' vrn.|ix.|x 



' '" ArU [AtU Ali'lAlnUtlllAiii 

'■'■'■ A.R.\r.i>. Kf.\A.tt.\ai>.\ii.F. 



Badlm 
qf Ggnlin. 



I I 



I OF PENCOYD BULB ANGLES. 



iM 



s:; 



ivi. xni. xvm, xix. xx. xxi.s 



fuel 



,S,.,\ CBfffleinlfar 



I Ltifi. ' f^d. 



I 2.S4 .0000165 ,00002641 



.0000162 .0000359 



31.6 
54.7 


4.30 
4.29 


0.93 


27.1 

45.3 


3.80 
3.82 


0.79 


22.9 
36-3 


3.44 
3,44 


0.70 



D^ 28.3 
5.31 3S.7 

t2B 19.7 

5.36 23.S 

i 



2 .00008351 19.0 2.96 I 0.73 i 70A 



, .0000847.00013551 14.5, 2.5; 













- 


W 










L 


> 




m. 


rr. 


T, 


n, TH-Tmix X- XL 


Jfu-. 
Si.. 


cL 


p. 


§' 


Jril Altl ABt irir Am Atil ^x 


MOT 

an 


4 
4 


4 
4 


asB 13.7 


4.TD 
S.70 


£3) L64 LIO L23 055 1-1£ 
2.79 202 L4D UP OM LU 


335-1 
33ffl 


ii2 


S; 


2i» 
Z6S 


7i) 
8.0 


2.27 

zaa 


1,03 0.» 0.59 1«;0.71 OM 
L32 1.16 0.75 1J)3|0-71 LOf 

1 1 




i'- 


i'^ 


3.24 
1.91 


IID 

e.6 


..I 

157 


1.75 1.49 IflO 1.06 0.73 IXT. 

0.75 0.74 OX 0.S1 0.62 O-B: 


s\ 


k 


3 

2<ij 


2.27 
1.47 


5,0 


1.82 
0.79 


0.89 0.86 
0.38 0.44 


0.60 0.89 
030 0.73 


iS 


o.« 

0.ffi 




s;j 


"% 


1.71 
1,94 


... 


0.95 
1.08 


0,48 0.55 
0.56 0.63 


0.38 0.75 
0.45j0,75 


0,53 
0,54 


0.7t 
0,7( 


llltl 


^t: 




liiH 


4.0 


0.51 
0.52 


0.27,0.31 
0.26 0.33 


0.24,0.66 

0.23 0.66 


0.48 
047 


0.6! 
0.6E 


Vi/i 


's 


I'. 


i'S 


'■ii 


0J9 


0,18 0.26 
0,09 0.15 


0,18 0.60 
0.10 0.52 


0.41 

0.36 


0.6t 
0.51 


::;! 


l'"^ 


[. ' 


;;a 


2..0 


0.12 


0,06 0,12 0,08 0,45 
0.01 0.09 0.06 0.40 

O02 0.05 0.04|0.32 


0.32 
0,30 

0.2a 


0.4'i 
0.4; 

0.36 



















EI>I£MENT8 OP PESCOIlD AKtiL£S. 




N 


• 


1 










A-- 




'vi.__ 














X' 


















1 y- 


I- 


iL 1 ra. 


rr. 


V. 


TL 


m 


#nt«-. 




4-S£. 


C« 


JV«»tt^£uHH.| 




MH. 


A.S. 


RE 


asoA. 

aesA 


S iS 


> 


7.TC 
15^ 


264 
S2.8 


48.47 
94.14 


19.6I> 
391)1 


B60A 

6e9A 


a Ji6 


;s 


10^ 


Its 

3S.S 


15.37 
36,69 


6.20 
15,48 


550A 
&59A 


5 »6 


is 


a.6i 

B.TJ 


J2J 
28.i 


8.73 
20.72 


334 

ao9 


«7A 


4 ti 


4' 


iS 


Jl 


3.69 
8.71 


1.S0 
3.82 


aaoA 

355A 


l^:i;g' 4 


2J0S 

4.08 


7.1 

ia.7 


2.45 
4.60 


0.89 
1.97 


330A 
33<iA 


3 13 1 ^ 
3^«3A 1 % 


3.61 


4.e 

11.6 


1.25 

3.01 


O.50 
1.32 


Z7&A 
a7SA 


f'if' 


% 


i.ai 

2.70 


4.5 

8.6 


0.95 
2.11 


0.39 
0,90 


asoA 

Z55A 


kl'^ 


'i 


o.go 

2.33 


3.1 
7.8 


054 
1.33 


0.22 
0.59 


aasA 

328A 


ir.f^ 


4 


0,81 
1.66 


2.7 

6.4 


0.39 
0.85 


0.16 
031 


220A 

323A 


2 xZ 


« 


0,71 
1.47 


2.B 
4.8 


02J 
0.61 


0.11 
0.26 


175A 
ITBA 


S:l?t 


« 


0.63 
1.2B 


2.1 
4.1 


0.13 
0.39 


COS 
0.13 


ISOA 
154A 


S;S 


^ 


0.36 

l.M 


1.S 
3.6 


0.08 

0.29 


OJ33 
0.13 


120A 
127A 


S:K 




O.M 
0.63 


1,0 
ZO 


0.05 
0.10 


0.02 
0-04 


llOA 


1 Hi 


ii 


0.23 
0.«9 


0.8 
1.5 


0-OZ 


0X>! 

osa 


■ « 



'AMU. 



JBMENTS OF PENCOYD AJJGLES. 



\ 



\ 



A- 



\ 



t 



-Hr T-B 







. V 


IZl-I- 






1 ^ 




VIII. 


IX. 


X. 


XI. 


I. 


Itadiiqf 


Qyration, 


Resistance. 


Distance from 

Base to Neutral 

Axis. 


Section 


ixU A, B, 


Axis E. F. 


AxU A. B. 


2.19 
2.43 


Number. 


2.50 
2.48 


1.59 
1.60 


8.34 
16.18 


880A 
888A 


1.88 
1.86 


1.19 
1.21 


3.53 
8.43 


1.64 
1.90 


660A 
669A 


1.56 
1.54 


0.99 
1.02 


2.42 
5.76 


1.39 
1.65 


550A 
559A 


1.24 
1.24 


0.79 
0.82 


1.28 
3.10 


1.12 
1.34 


440A 
447A 


1.08 
1.06 


0.69 
0//0 


0.98 
1.84 


0.99 
1.13 


350A 
355A 


0.93 
0.93 


0.50 
0.61 


0.58 
1.39 


0.84 
1.02 


330A 
336A 


Oi» 
Oi» 


0.55 
0.58 


0.48 
1.02 


0.78 
0.93 


275 A 
279A 


0.77 
0.76 


0.49 
0.60 


0.30 
0.75 


0.70 
0.84 


250A 
255A 


0.60 
0.72 


0.44 
0.47 


0.24 
0.50 


0.63 
0.75 


225A 
228A 


0.62 
0.64 


0.39 
0.42 


0.19 
0.40 


0.58 
0.68 


220A 
223A 


0.54 
0.55 


0.36 
0.38 


0.15 
0.30 


0.51 
0.63 


175A 
178A 


0.47 
0.50 


0.28 
0.34 


0.07 
0.25 


0.42 
0.57 


150A 
154A 


0.41 
0.40 


0.26 
0.25 


0.06 
0.11 


0.35 
0.43 


125A 
127A 


0.29 
032 

• 


0.21 
0.20 


0.03 
0.07 


0.30 
0.37 


llOA 
112A 
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ELEMENTS OP PJBNCOYD ANOIiES 



I. 



Section 
Number. 



860A 
868A 

730A 
738A 

650A 
659A 

640A I 
649A I 

630A I 
639A i 

! 

500A 
504A 

540A 
546A 

510A 
517A 



A— — F 




II. 



Size in 
Inches. 



III. 



8 l6 
8^4 I &i^ 

7 1 3^ 

67'8 X 4% 

6 x4 

6% X 4% 

6 X 3^2 
6% X 37^ 

5^o X 3^o 

&*4 X 3=^4 

5 i4 

5:^0x4,^ 

5 1 3I0 
5I4 X 3=»4 



Thick- 
ness. 



1 
1 

It 



'8 



3 
3; 



8 



IV. 



^rca in 
Sq. Ins. 



6.75 
13.29 

5.00 
9.79 

3.80 
9.48 

3.61 
9.01 

3.42 
8.54 

3.23 
5.47 



Weight 

per 

Foot 

in 

Lbs. 



23.0 
45.6 

17.0 
32.5 

12.9 
31.9 

12.2 
29.4 

11.6 
28.6 

11.0 
17.9 



VI. 



vir. 



Moments of Iner 



Axis 
A. B. 



3.23 I 11.0 
6.35 21.3 



^4 



2.56 
6.07 



8.7 
20.0 



44.38 
85.34 

25.29 
48.59 

16.83 
42.40 

13.48 
33.95 

12.82 
32.56 

10.15 
17.62 

8.13 
15.65 

6.58 
15.51 



AxU 
CB. 



21.73 
41.67 

4.37 
8.47 

5.03 
12.91 

4.91 
12.47 

3.32 
7.74 

3.28 
5.85 

4.65 
8.74 

2.71 
6.41 



530A 
537A 


5 x3 
5I4 X 3I4 


-1.; 

"4 


2.40 
5.69 


8.2 
18.7 


6.27 
14.75 


1.75 
4.18 j 


450A 

457A 


4^.x3 
4*4 X 3I4 




2.25 
5.32 


7.7 
17.4 


4.72 
11.04 


1.72 
4.07 1 


410A 
417A 


4 X 3I0 

4^4 X 3=^: 


5^ 


2.25 
5.32 


7.7 
17.4 
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STANDARD ASGLE CONNECTIONS. 




The ['(jnnectionH illustrated on prcwding pages are propor- 




tioned, for n load uniformly dietributpd oyer a minimnra 




length of Hfian as given below: 
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When faenma frame opposite each other into another beam 




or girder with web thickness leas than /j", the above given 




minimiimleiigthsof spBna ought to bfi increased in t be pro- 




portion of the web thickneea to Va"- 




TheBe connections are based on shearing strains of ]O,00O 








per square inch, when the lengtli of attached beams corre- 




spond to the foregoing tabli.', and extreme fibre strem of 




16,000 imiinds per square iocli at beam flanges. 
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WEIGHTS OF BOLTS PER HUNDRED 

SQUARE HEADS ANIl MIIT8. 
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9 
10 
12 


9,7 
10.f 
11.3 

ia.1 

12.9 
13.7 

14-& 
16,1 
17.7 

19.3 
20.7 

23.7 
25.3 
26.7 

28,2 
29.7 
33,1 

36.5 
40.0 
43.5 

3.1 


E0.4 
21.3 
22.4 

23.6 
25.( 

27.8 
30.6 
33-4 

36.2 
39.0 
41,8 

44.6 
47.4 
50.2 

53.1 
56,0 
61.5 

67.0 
72.5 
78.0 

5.5 


37.0 
39!9 

42.0 
44.4 

48.3 
52.5 
56.7 

60,9 
65.1 

73.4 
77.6 
81.8 

ae,o 

90.0 
98.0 

106-3 
J14.6 
122.9 


58.0 
60.8 
63.2 

66.0 

72,'l 

75.2 
81.4 
87,6 

93.8 
100.0 
106,1 

112,2 
118,3 
124.4 

130.S 
136.6 

161.0 
173,2 
184.4 


97.7 

101.6 
105,6 
109.7 

113,8 
122.0 
130,2 

138.4 
146,4 
154,9 

163,2 
171,5 
179,8 

187.1 
195,4 
21Z0 

229,0 
246.0 
263.0 


145 

149 
153 
15S 

163 
174 
185 

196 
207 
213 

240 
251 

282 
273 
295 

317 
361 


240 
253 
267 

281 
295 
309 

337 
351 

365 
379 
407 
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463 
491 


309 
325 
342 

359 
376 
394 

412 
430 
448 

466 
484 
518 

552 
586 
620 


350 
370 
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430 
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510 
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550 
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630 
670 
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520 
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725 
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875 
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'WEIGHT OF TWO (S) KrVKT HEAD9 XK FOCMDS. 



WEIGHT OF BODY FEB INCH OF LENGTH IN FOUNDS. 



MaMriil,— 1 

iQgs itr iron or steel will 
draw-bridgeB). 

Live Load.— 2. TLey shull be <1 
their own weight fttiJ thut of l.li 
track, consiBtingoftwoenKiiii'Hri 
distributed train luaii, pluerd h,i 
each part of the Btructurc. Tliin 
the Bailroftd Company mid rcjini 
iintf the apeclflcationfl. 

OMd jk*i.—3. In determining the weiebt or the structure for 
Qie purpose of ivleulating BtrHins, the weight of tdmher aliall he 
'«isamea at i^ pounds per foot B.M., and the weight of niils, 
'^kea. and joints at 100 pounds per lineal font «f track. 

ViaA Ftmiatb. — t. The wind pressure shall be assumed ai 
in eillieT directiou horizontally: 

Fint. At 30 pounds per square foot on the exposed surfaL^ of 
_1 trusses and the flour as xeen in elevation, in odditfun to a train 
oflOfeet average height, beginning 2 feet 6 inches above base of 
nil, moving serosa the bridge. 

Setimd. At 50 pounds per square foot on the exposeil surface 
of all tnuaea and the floor syatem. The greatest result shall be 
named in proportioning the parts. 

0. For determining the requisite anchorage for the loaded struc- 
tore, the train shallbe assumed to weigli SOO pounds per lineal 
foot. 

Kmnantiun of Train. — 3. For longitudinal bracing of treatle 
luweiiB and similar structures, the momentum prodnced by sud- 
den^ stopping the train shall be considered, the coeffldent of 
frictton of wheels sliding upon the rails being assumed an 0.2. 

CsBtiUIigftl Force of Train.— T. When the stnicture is on i 

irre, the additional effects due to the centrifligal force of ai. 
._i»ny trains as there are tracks, shall be considered and calculated 
b; the following formula : 

(7=0.03 WO fOT a curvature up to 5 degrees, 
C.=- centrifugal force in poundd, 
where tT^^weightof train in pounds, 
J> =- degree of ci' 

Thet 
(ur every dsfire 

PROPORTION OF PARTS. 

Bfibet of Impaot.— fi. In proiMjrtioninj; the memlu^rs of the 
rtructures, the effecfa of impact and vibration shall be considered 
and added to the maximum strains resilldng from the above 
mentianed engine and train loads. The etfeet of impact ' ' ' 
drtermined hy the following formula : 



°'^ (i + 3< 



/^import ia he add^ ia the Ijve-load strain. 
>'i'=ciilculuteil rauiiniuni live-load straii 
where L = lungth c)f loaded distsntii in feet wliicli priidaow 
maximum strain in member. 
Famiiilble TentUe Btnim.— 9. All parts of the structuic* 
be sa pri)portiuni!(l thut the :^um of the maximum loads. Iwe 
with tbe impact, ahall not cause the tensile stmin to exceed: 
On soft aleel, 15,000 pirands per square inch. 
On medium Btoel, 17,000 pounds per Bqnare inch. 
10. The same limiting unit Htrnins BhuU also be used for it 
bers strained by wind pressure, centrifugal force, or momen 
of train. 

Fermiiiible ComprsiiiTe Btralni. — 11. For compression n 
bers, these permissible strains of l.'),000 and 17,0{K3 pounda 
tiquare inch, shall be mhioed in proportion to the ratio ot 
length (o theleaat nuiiUH of gj-rution of the section faf tbefol 
ing formulae: 



For soft SI 



15.000 



11,00 



cl 



p =! permissible working Htmiii per square 

inch ill compriHSlon. 
i^- length of piece In inches, centre to 

centre of connection, 
r ^ least radius of gyration of tbe sectioii 

in inches. 

(See Table.) 



oracing, which may have a length not exceeding 
times the least i^ius of gyration. 

Altsmata Btr>in*. — IS. Members subject to alternate strait 
tension and eompreBsion, shall be ho proportioned that the t 
sii'tiotial area is equal to the sum of areas required for each sb 

CombiBLSd Btrun*.— 14. Incase the maximum strains in chi 
of brtdMis, or poats of trestle towers, due to wind and centrlf 
force, added (o the maximum strains due to vertical loading, 
eluding impact), shall exceed tbe following limits : 

On soft steel, 19,0U0pouiid8 per square inuli. 

On medium steel, 21,000 pounda per square inch, properly 
duced for compression, addition must be made to such mem 
until these limita are not exceeded. 



15. Should the strains be reversed in any possib 
rovision must be made Ibr such strains in the opposite direct 
TraiuTena Loading of Taatloa or ODmpNarion KeMlni 



provision must be made liir such strains in the opposite direct 
TraiuTena Loading of Tor-'— — " ' — " — ■^— 

16. When the floor system r 
chord, the latter must t>e s< 
of tbe slruiiis jicr square ii 



chord, the latter must t>e so proportioned that the algebra 
■ vhoii the outer fibre, reaiiltin; 



IJie direct porapraasion or tension, and throc-fuurths of the n. 

ilD bending moment (the chord being considered us a beam of 
^^^_e panel length, aup^rted at the ends), shall not exceed the 
before-meutioDed limiting strains in t^ision or rompression, the 
proper amount of impm^t being added to euch kind of loading. 

17. The bending moment at panel poinia shall be ossuraed eqnal 
r that in the centre, but in oppodle direction. 

18. All oUier membera which ni* subject to direct strain in 
»ddition to bending moment are to be similarly calculated. 

BheailiiK and Bearing Btraini,— IS. Tlie shearing strain on 
rivets, bolts, or pins, per square inch of section, shall not exceed 



11,000' pouncis for HoJt steel, and 12,000 pounds for medium steel; 
and the pressure upon the bearing surface of the projected semi- 
intradoa (diameter x thickness) of the ri?e^ bolt, c>r pin-hole, 
■hall not exceed 22,000 pounds per square inch for soft steel, and 



KOODpounds for medium .... 

20, m cas« of field riveting by hand, the number of rtveta thus 
bund shall be increased 25 per cent, 

Baadlng Btraini oa Flni.— 21. The bending strain on the ex- 
treme Qbre of pins shall not exceed 32,000 pounds per square 
in(^ for soft steel, and 26,000 pounds per square inch for inMiuni 
rteel, when the centres of bearings of the strained members are 
'iken as the points of application of the strains. 

22, Net sections must be used in all cases in calculating tension 
tuembers, and, in deducting rivet'holea they must be taken i of 
kn inch larger than the size of the rivets. 

FUte Oiidn*.— ^. No allowance shall be made for tbe web ir. 
tslculating tbe llanse sections of plate girders. The compressed 
"ange shall have the same sectional area as the tension Hange : 

ut the unsupported length of flange shall not exceed twelve 

mes Its width. 

34. In calculating shearing strains and bearing strains o.. 

Mveta of plate girdera, the whole of the shear acting on lie side 
of the panel next the abutment is to be considered as Deing trans- 
feired into tbe flange angles in a distance equal to the depth of 
tiwKirder. 

SbT Tbe shearing strain in weh plates shall np 
ppoundB per square inch for soft steel, and 10,0C. . ^__ 

Kinare inch fur medium steel ; but no web plate uhall l)e less than 
at an inch in thickness. 

38. The web shall have stifTeners riveted on both sides, with a 
M« bMTing against upper and lower flange angles at the ends 
vJil inner edges of bearing plates, and at all points of local and 
eancentrated loads, and ^so, when the thickness of the web is 
(an than ^ of the unsupported distance between Hange angles, 
M points throughout the length of the girder, generally not 
hnher apart than the depth of the full web plate, with a mazi- 
^^um limit of fi feet. 

aENHBAI. DESCRIPTION. 

Olearanoe. — 27. On straight line aclearsectinn shall be provided 

teconforml'i given rciiuircnisntH. The width must be jnorBased 

to as to oUow the same luininiuni clearance uii curves and on 

Rouble track. 



Bpuing of StrlngBTi.— 29. The floor Btringarn shall be pla«tl 
eeiierally 8 fei't between uentres fiir single track, and 8i feet for 
donble track bridges, tbe standard distance between centres uf 
tracks beineiafeet. 

Wooden Floor.— 30. The flooraballconalHtcif cross-ties 8 incba 
by 8 inches if tbe HtringerBore placed 6} feet between centms, and 
8 inches by 10 inches if the stringers are 8 feet between oenlMS. 
They shall be spaced with openings not exceeding 6 inches, and 
shall be iiotubea down 1 inch, and have a full and even bearii« 
on stringers , 

31. Every fifth tie shall be fuatentid to the stringer by a i-inuh 

32. Incaseof deck bridges, with ties resting on the upper chord, 
when the distance between centres of trussea exceeds S feet, the 
ties are to be proportioned to carry the ruaidniuni wheel load 
distributed over three ties, tbe Gbre strain on the timber nut to 
exceed IjOOO pounds per square inch, 

Plata Oirdsri. — 33. Deck-plategirderssbaltbespacedgenerallr 
6i feet between centres. 

34. In through-plate gilders, the Qoor stringers shall be spaced 
6i feet between centres. 

OnarS Bailc— 85. There shall be guard timbers 6 inches by S 
inches on eacb side of each track, with their inner faces not less 
than 3 feet 3 inches &om centre of track. They shall be nntchid 
1 inch nver every tie, and shall be fastened to every third tie and 
at each splice by a t-inch bolt. Splices shall be over floor timben 
vrith hBlf-and-hBlf joints of 4 inches lap. 

3G. Tbe floor timbers and guards must be continued over pieH 
and ahutmenta. 

37. On curves the outer rails shall be elevated as may be required. 

StialB Bhoeti.— 38. Complete strain shevls, showing aecdonnl 



DETAILS OF COKSTRnCTIOK. 

Adjustable Hemberi, — 3fl, Adjustable members in any parti 
of struofnrfs shall preferably be avoided. 

Lateral aod Bway Braolng. — 10. All lateral and swav bradng 
shah Ih- inuilc of sbajies which can resist tension as well us com- 
pression. 

PoTtali. — U. All through spans with t<ip lateral bracina shall 
have portals at each end of span, connected rigidly to en<f posts, 
Thes; shall be as deep as the specified head room will allow, and 
provision shall be made in the end-posts for tbe bending strain 
produced by the wind pressure, 

DlaKonal Braaing. — J2. Deck bridges shall havediagonalbnices 
at each panel of suificieiit strength to carry half the maximum 
stniin-increnient due ti> wind and eentrifiigal force. 

Pony Trauai.—^. Pony trusses and through plate girdera shall 
be stayed by knee braces or gusset plates at tie «iids, and at M"«k 
Soor beaia or transverse at—' 



Floor Beam Conneotioni. — 14, All flmir heems in through 

ridgea shall be riveted between the iiosts, above or below Ihe pui. 

E^aation Bolleri. — 15. All bridgesex(!eedinKl(10 feet in length 
shall have at one end nesls uf turned (Hction rollers, running be- 
iween planed aurfaces. Ri'Ilera shall not be less than 3 inches 
In diameter- and the pressure per lineal inch of roller, itlcluctinB 
impact, shall not excpeci l-2tX) tit for steel rollers between sted 

ir&ces (d^'diamett-r of roller in iiiehes). 

Triatton Platei.— Hi. For briflf!e.'< li'>^ than ItXi feetin length, 

ne end shall be free to move npoji pbiiied surface). 

Triut Brld^li — l". Pinirle-trni'k bridges shall have lower chord 
end jjaneis stiffened, and all thruugli spuna stiff and vertical sus- 

— 18. Provision ahull be mode for a free eipaiislon 
n of all parts, corresponding to a variation of ISO 
degrees Fahrenheit in temperature. 

B*d FlBtei. — in. Bed plates shall be so urotKirtioned that the 
pressure upon masonry (including impact) will not exceed 400 
pounds per eqaiire inch. 

Wib ipUoei.— 60. Web plates of girders must be nplired at 

joints by a plate on each side of the weh, capable of trananiilting 
theflili shearing strain througli splice rivets. 

lUTeti.— .'il. The piloli of nvets, in the direction of the strain, 
shall never p.xiti"! li iiii In-, riiir 10 times the thickness of the 
thinnest out-itle |)l<ii('<,Miiii'<t(i.l. and not more tlian 30 times tl 
Ihieknes-s at rifht ini-U-i n. (he .Htrain. 

! eniU of i;(Hiiine-i:*iiin memhei? the pitch shall t . 

diunielera of tjin rivet, for a length equal tn twii'p the 

width of the nieniber. 

SS. The distance from the edge of any piece to the eciilrp i 
ifvethole must not be less than li times thediameternt' the ri' 
tior exceed 8 times the thickness of the plate ; and llif tlistn 
between centres of rivet-holes shall not be less than S diamei 

r the rivet. 

Tie Platoi.— 64. All segments of compression members c 

Uet^ted by latticing on^, shall have tie plates plueed es near 

ends 03 pnicticable. They shall have a length of not leas than 
Ihe greatt^t depth or width of the member, and a thickness not 
'iss than •in of the distance between the riveta conneeHng them 

> the cfim|jre.s.siHl members. 

Laaing,— J>5. Single lattice bora shall have a thickness of not 

as than ^. ami double bars connected by a rivet at the jnter- 
IBCtion of not leas tlian Ai^f the dislani'e between (he rivets iv " 
jMctil^ them to the member ; and their width shall be ; 

W lS-.iiich channels, or built sections I 

'irltb 31- imd 4-inch angles. I 

brl2'Bnd llVinch chai^ela, c 

■BOtiDnB with 3-inch angles, 

br 9- and ft-ineh channels, or ouiii i „ |_.u„„ /jl;„„i, j„-.,\ 

Mdions with 2i-inch angles. j ^ ^"^"^ ''-'"<^" ^"^'^1- 

B6. The distance between connections of the lattice burs shall 
,^ exceed 8 times the least width of the segments connected. 

Ha Flatei. — 57. All pin-holca shall be re-enforced by addiSJiMm^ 
toaterial when necessary, so as not to exceed t\\e B.\\u'Nc4''S^e»»j*fti 



on the pins. Theae re-enforcing plates louat conlain enough riveLi 
to transfer (he proporliun of pressure which comes upon th^m. 
Olid at least one plate on each iiide shall extend not less tbim 6 
inches beyond the edge of the tie plate. 

JolBti.— 68. All joints in rlTeted work, whether in tension or 
compresaion memberB, must be fully spiiceii. Pin connection, in 
riveted tension tnembera shall have a section through the pin- 
hole 25 per cent, in excess of the net section of the body of the 
member. The section back of the pin-liole shall be at least 0.75 
of the section through the pin-hole. The Bei^aiiH of compreision 
chonlR shall be connected at the abutting ends by splices sufflcient 
to hold ttiem truly in positioli. 

Laut Thln^nMi of lutaiiRl. — 59. Fur main members and their 

, ..„ material shall be used less than Icifaninch thick: 

lateralH and their iKiiinections, not less than ^ of an inch 



cept for lining or filling vi 
irSetLd- — "" ' -'- 



k 



Ey«-bar Heads.— H). The heads of eyft-bare shall not be less in 
strength than the body of the bar. 

Bymmetrletl Beotion».— 61. All sections shall preferably be 
mode symmetrical, and the pins placed in the line of tiie neutral 

Cambsr.— 62. All truss bridges with parallel chords shall be 
given a camber, by making tbe panel lengths of the top chord 
longer than those of the bottom chord in the proportion of J of 
an Rich to every 10 feet. 

Hnta.~-63. All nuts must be of hesagonnl shape. 

WORKMANSHIP. 

Blveted Work,-^J4. All riveted work shall be punched accu- 
rately with holes ^ of an inch larger than the HiM of the riveti 
and when tlie pieces forming one built member are put together, 
(he holes must be truly opposite ; no drifting to dist^ the 
metal will be allowed ; if the hole must be enlar^d to admit tlM 
rivet, it must be reamed. 

(15. AH lioles for field rivets, excepting those it 

lateral and sway bracing, shall he accurately drilled tc 

templet, or reamed while the connecting parts are temporari^ 
put together. 

Flamng and Beuning.— <i6. In medium steel over j of an inch 
thick all sheared edges shall be planed, and all holes shaU b* 
drilled or reamed to a diameter of i of an inch larger than the 
punched holes, so as ti) remove all the sheared surface of the 

67. The rivet heads must be of approved hemispherical sh^e, 
and of a uniform size for the same size rivets ttiroughout Uie 
work. They must be Pill and neatly finifhed throughout the 
work and concentric with the rivet-hole. 

68. All rivets when driven must comple'ely fill the holes, the 
heads be in full contact with the surfkce, or countersunk when 
ao required. 

(B. Wherever possible, all rivets shall be machine^riven. 
Power riveters shall be direct-acting machines, worked by steam, 
hydraulic prEs.^nre, or compressed air, and capable of holding on 
•■> the rivet when upsetting is complttod. 



70. When members are cciiinecled by bolts whicb trnnsmil 
Bhearing atrains, the holes miist he reamed parallel, and the bolts 
tamed to a. driving fit. 

71 . The several pieces forming one built member must fit closely 
together, and when riveted shall be free from t' ' ' ' 
open joints. 

72. All portjuas of the work exposed to view shall be neatly 
Gniehed. 

73. All surfaces in contact shall lie painted before they are put 
together. 

Foi^d Work,— 7*. The heads of eye-bars shall be made by up- 
settinB, rolling, or frirRlng into shape. Welds in the body of the 
Iwr will not be allowed. 

EyB-b»r».— 75. The bars muatbe perfectly atraiiht before boring. 

76. The boles shall be in the centre of the head and on the 
centre line of the bar, 

77. All eye-bara shall bo annealed. 

XuilllDe Work, — 714. All abutting surfaces in compression 
raetnbera sliall be truly faced to even bearing, so that they shall be 
in such contact throughout, as may be obtained by such means. 

T9, The ends of floor girders shall be faced true and square. 

80. Pin-holes shall be bored tnily parallel with one another 
and at tight angles to the axis of the member unless otherwise 
shown in drawings ; and in pieces not adjustable forlength.no 
variationof mure than jjjof aninch will be allowed in the length 
between centres of pin-poles. 

81 . Bare which are to be placed side by side in the structure shall 
be bored at the same temperature, and shall be of such equal 
l^lgth that, upon being piled on each other, the pins shall pass 
throueh the holes at both ends at the same time without driving. 

1112. All pins shall be accurately turned to a gauge, and shall be 
itraight and smooth. 

8S. The clearance be 
inch for all lateral pin! . 

■h of an inch for pma 3) inches in diameter, whJfh ai 
M gradually increased to ^ of an inch for pins 6 inches in 
diameter and over. 

M. All pina shall be supplied with steel pilot nuts, for use dur- 
ing erection. 

85. All workmnnship shall be lirst class in every particular. 

STEEL. 

PiOMit of Kannfiwhire.— 66. All steel must be made by the 

I Open Hearth process, and if by acid process, shall contain not 

I nore than .08 per cent, of phosphorus, and if by baiic process, 

— .1 — rig J. i^ni of phosphorus, and inuat be uniform 

.__ jach specified kind, 

Tinllli,— ^7. The Snfahed bars, plat«s, and shapes must be free 
Thmi injurious seams, flaws, or cracks, and have a clean, smooth 

I Toit Pieo«».— 88. The tensile strength, limit of elasticity and 
Hductility, shall be determined from a standard test-piece cut from 
($ie finished luaterial, of at least i square inch section. All brolcen 
iplea must show a silky fracture of uniform color. 



'. Every finished piece of steel shall be stumped with the blow 
number ideiiLifying the melt. 

90. Steel shsll be of two erodes : mft atui medivnt. 

Bott ItMl.— 91. So/t atedsima have an ultimate etrength ot 
50,000 to (iO.OOO poundg per square inch, elastic limit of one-^half 
ultimate strength, and a minimunt elongation of 36 per rant, in 
H inches. This sleel must bend double to close contact, withoul 
sign of fracture on the oulaide. 

Medinm Bteel.— 92. JfniiumjibKlshallhBveanultiinalestrenetli. 
when tested in samples of the dimenirions above staled, of SO,OUn 
lo 70,000 pounds per square inch ; nn elastic limit of not less than 
one-half the ultimate strength, and a minimum elongatioD ot'22 
per cent, in 8 inches. 

93. This steel must stand bending 180 degrees around a 24nch 
pin without cracking on the convex surfaop, either cold, hoi, or 
after being heated to a cherry red and cooled in water of 60 de- 
grees Fahrenhdt, 

M. F^ll-ai«^ eye-bars must elongate 10 per cent, in a gauged 
length of 10 feet, and break in the body of the bar. 

FlB Btael. — 96. Pins made of either of the abore-menlioned 
grades of steel shall, on specimen leat-pieces CQt from Anished 
materisJ, fill the requtruruents of the grade of steel from which it 
is rolled, excepting the elongation, which shall be clecreased 5 ptt 
cent, from that spedtled. 

96. Punched rivet-holes, ipitched two diameters from a 
sheaml edge, must stand driftins: until the diameter is one- 
third larger tban the original nole, without cracking lbs 

WI. All rivets will be made of soft steel, and the steel for rive» 
must bend double to close contact without cracking. 

Sa. The slabs for rolling plates shall be hammet^ or rolled 
&om ingots of at least twice their cross-section. 

90. Pins up to 7 inches diameter shall be rolled. 

100. Pins exceeding 7 inclies diameter shall be forged under a 
steel hammer striking a blow of at least 6 tons. The blooms tn 
be used for thif purpose shall have at least three times the sec- 
tional area of the finished pins, 

101. A variation in cross-section or weight of rolled material of 
more than 21 per cent, from that speciHed, may be cause for 
rejection. 

Btaal Cutin^. — 102. Sleet casUnp shall be made of Open 
Hearth steel containing from -j^ft to ^ per cent, carbon and not 
''ver tKii per cent, of phosphorus, and shall be practically free 
ttam blow botes. 

Cut Iron.— ICS. Except where chilled iron is specified, all cast- 
ing shall be of tough, gray iron, free from ioiunous cold shals 
or blow holes, true to pattern, and of worRmsnlike finish. Teat 
bars 1 inch stiuare, loaded ill middle between supports 12 inches 
apart, shall bear 2,500 pounds or over, and deflect .15 of an indi 
before rupture. 

Timber.— 101. The timber shall be strictly first-class white pine. 
Southern yellow pine, or white oak bridge timber: sawed trDt 
and out of wind, lull size, free from wind shakes, lai^e or Ioom 
knotH, decayed or sapwood, wonuholes or other defects impaii^ 
•Jig its strength or duiabililv . 



FAINTING. 

105. All iron wurk befiire leaving the sbop shall be thoroughly 
cleaned from all loose acaJe and mat, and be given one good coat- 
ing of pnre boiled linseed oil, welt worked into all joints and 
open apttcea. 

106. In riveted work, the siirfacea coming in contact shall each 
be painted before being riveted together. 

107. Pieces which are not accesaible for painting after erection 
shall have two coats of punt. 

lOS. Tlic paint ahall be of a good quality of Iron ore paint, 
mixed with pure linseed oil, or such as may be specilied in con- 

109. After the structure is erected, the Iron work shall be 
thoroughly and evenly painted with two additional couta of 
paint, mixed with pure linseed oil, of Buch color as may be 
itelected. 

110. Pins, pin holes, screw threads, and other flniahed surfaces 
shall be coated with white lead and tallow before being shipped 
from the shop. 

Inapeottoii,— 111. All fetilities for inapection of material and 
workmanship ahall be furnished by the contractor to competent 
inspectopB, and the engineer and his inapectora shall be allowed 
free access to any part of the works in which any portion of the 
material is made. 

112. The contractor shall [Himiah, without chai^, such speci' 
mens (prepared) of the several kinds of material to be used as 
m&y be required to determine their character, 

113. Pull-siEed partsofthestnicture may be tested at the option 
of the pnrchaser; but, if tented to destmction, such material 
shall be paid for at cost, lejts ile scrap value, if it proves satis- 
factory. 

114. If it does not stand the specified tests, it will be considered 
rejected material, and be solely at the coat of the contractor, 
unless he is not responsible for the design of the work. 
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APPENDIX. 

The folldwing pngea contain some tables iu frequent use 
b; Engineers; alHO the phyeical properties of inaterials 
UBed in coustructioti, not ttie (iroduvt of the works. 

ThL-Be tables have been cnrefiilly compiled ftiid corrected 
to conform to the latest knowledge on the respective sub- 
jects. All the materiala doBcribed hereafter, offer a wide 
range of reeistance to stress in anj direction ; and the tables 
for strengths indicate averages of reliable datu. 

In cases where two values are given, they belong \o 
materials that vary considerably in quality ; llie figiirea 
applying to averages of the superior and inferior qualities 
respectively. 

The tables for timber, see page 2S4, have been principally 
derived from experiments made under the direction of the 
Division of Forestry, TT. 8. Government testing machii 
Watertown, and the Massachusetts Institute of Technology. 
For stouea and other minerals, the U. S. Government tests 
are used, supplemented by other authoritative data. For 
the alloys, the results of esperimente made at the Stevens 
Institute for the V. S. Board for testing metals are used. 
The strength and elasticity of the copper alloys are very 
sensitive and subject to rapid fluctuation, due to minute 
changes of proportions and improper treatment in prepara- 
tion. The ligures given indicate a prot)able average, and 
individual cases may vary widely from them. 

The results of many tests made at Pencoyd have been 
used to complete missing data or check statements that did 
Dot seem consistent. 

When usual working loads are given, they accord with 
common practice under ordinary conditions, and in all cases 
are sufficiently low to embrace material not obviously onfil 



Cast-iron. 

FocsriRY Metals. 

The gray irons, orctinarUy used fur caalings, are nsnally graded 
in ihls seciion as N09. 1 and 2 Toundn', and No. 3, or gray forge * 
these cl^iGmtioiu beiog determined by fracture at the furnace. 
Grades of higher number^ which run mottled or while in fruc' 
ture. are too liard for ordinary tool cutting, and are only ititd. for 
crcfptional parpowA in the ffnaidry. 

By chemical analysis the gray irons are distinguiah^ from the 
white by larger proportions of silicon and graphitic carbon in 
the former, while the latter grades contain more combined carbon. 

There la lumaJly associated with the iron, small proportions of 
manganese, sulphur, phosphorus, and sometime.') other elenients, 
obich vary In amount and influence, according to the ores from 
which the metal is derived. 

F POUMDRT IbONS. 

. . . Softeat grade, used for small coatings, or mixed with 
large proportions of scrap for laiver tastings. In the pig. it show.? 
■ dark, open grain end rough fracture, and the !ne erupbile is 
diacemible. Tensile strength ix low, tlie iron turns soft, and the 

ittings separate into coarse fragments. 

No. 2. Harder, and higher tensile sti-ength than No, 1. and 
better adapted for large castings ; bears a lesa proportion of scrap 
ia mixture. The fracture in not us rough as No. 1, and shows a 
miied, Urge and small dark grain; it turns harder, separatingin 
Saer frsements than No. 1. 

No~ - - - 



n while: will not usually bear any admixture of a 



h it is apt 
rap. The 



points, when approacbing No, i, or mottled in grude. 

C^t-iron is quite variable in strength, especially in tensile re- 
^tstance. In ordinary foundry iron, the tensile strength per 
fuare inch of section will vary from 14,000 to 20,000 pounds; 
ind refined iron of high grade is bnown to run between 30,000 
md 40,000 pounds tensile strength. 
The elastic limit and modulus of elasticity are not distinctly 
leBned, as some permanent set can be observed under working 
Ends. For practical purposes in ordinary iron the elastic limit 
an be called about 6,000 pounds, and the modulus of elasticity 
8,000,000 pounds per square im-h of section. Under compression, 
rhen not accompanied with landing strains, ordinary cast-iron 
rill bear from 90,000 to 130,000 pounds per square inch, usually 
ssumed at an average of 100.000 pounds. 
Id teat bars, ttiat 1 inuh sauare of u fair quality of foundry Iron 
far machinery ca.itings, the t«nsile strength should be about 
36,000 pounds per square inch of sBLtiiin, and the same bars tested 
transversely, between supports 12 inches apart, and load in mid- 
dle should endure 2,500 pumida and dcfict-t 0,15 intlies. 

soiDB piBL-es this ii subdiTided, giving anothrr Kndu of Ba. t 
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The shrinkage in outing will vary from .05 to .12 inches p«r 
Toot of length, (ienerol average — .08 inchts. ypecilic gravity 
averaffea 7.2. Weight pet cuhiu inch, -Jij pounds, or per cubic 
toot = 4S0pomia3. 

PHYSICAL PROPERTIES OF TIMBER. 

The phyaicul properties of timber, given hereafter, are derived 
largely from the recent eiperiraenW of the Forestry Division, 
U. S. Department of Agriculture, n-tiich form the moat complete 
and Byatematdc seriisi on record. The following general cod- 
elusions aeem to be demonstrated : 

1. That hleeding (the experinients were made on long leftf 
yellow pine) haa no material effect on the Btrenelh of timber, the 
Ueiihility is slightly increased, but the bled timber will prolnbly 
endiire evposore to the weather as well aa the other. 

2. That moisture reduces the strength of timber, whether that 
moisture be the sap, or water aheorbed after seasoning. In gen- 
eral, seasoDed timber, or with not more than 12iiereent. moiature, 
is from 76 per cent, to 100 per c«nt. stronger than green timber. 

3. When artifidftlly dri^, timber contain.^ a uniform percent- 
age of moisture throughout, a condition requiring months or 
even years to attain in air-dned heavy timber. 

When kiln-dried at usual teroperatures, wood shows no loss of 
strength compared with air-dried timber of the same percentage 
of moisture. The effect of very high temperatures and pressures 
(as used in vulcanizing] is lower strengths than when air-dried. 

4. Iiarge timbers are equal in strength per sqnure inch of sec- 
tion, tested ever^ way. tosmalltimbfflrs, provided they arcequally 
sound and contain the same percentage of moisture. 

5. The testa seem to indicate that the atreDgth of woods of um- 
furm atmct4ire increases with the specific gravity irreapectave of 



The data on properties of timbers, given on page 284, must be 
used with considerable judgment and c&utiun. Seasoned wood 
will gain weight, to the eittetlt of 5 to 15 per cent., if exposed to 
the weather and this excess will be reduced if the wood is kept s 
week in a warm dry place. 

Bomeof the individual tests made bff the I<. S, Forestry Divi- 
sion varied considerably from the mean values riven in the table. 
In the case of tension tests, which varied roost from the average, 
a few were a* low as 2S per cent., while others reached 190 per 
cent, of the mean. 

The elasUc limit given in connection with the data from the 
IT. B. Forestry Division, is the relative elastic limit ang^ested by 
Professor Johnson, as there is no definite "elastic limit" in 
timber similar to that in aome metals. This relative elastic limit 
is taken where the rate of deflection is 50 per cent, more than It 
is under initial loads. 

Modulus of ultimate bending is extreme lihre stress on beam at 
rupture. The modulus of elastic bending i." the fibre stress when 
the rate of deflection is increased 50 per ceiil. The iiKxlnlus iif 
elasticity is derived from traiisvtrsc tests. 



WOODEN BEAMS AND PILLARS. 

The table on page 28(i gives the siife loads in poundB, uni- 
formly diBtributed for rectangular wooden beams 1 Inch 
tliick, and ie baaed on the experiments of the U. 8. Forestry 
Division. As short beams buve been found by experiment 
to fail by longitudinal shearing, the shorter lengths, marked 
with a »lar, have been calculated to restst this action. The 
working values of the shearing resistance per square inch 
being taken for well-aeasoncd sound timber as follows : 
Hemlock, 80 pounds ; spruce, whit« pine and yellow pine 
(Southern), 120 pounds ; oak, 20O pounds. The values in 
the table calculated for cross-bending, are based on the fol- 
lowing extretue dbre stresses per square inch. 

Hemlock, 760 pounds ; white pine or spruce, 900 pounds ; 
oak, 1200 pounds ; yellow pine, 1500 pounds. 

The table on page 287 gives the concentrated central loads, 
ad ia also computed from the foregoing data. 
PILLARS. 

The formulie heretofore proposed for resistance of liie 
wooden pillars, are not sustained by the results of recent 
experimenta, such as those njade in 1382 at the Watcrtown 
Arsenal. These were on white and yellow pine, partly 
seasoned, and indicate the following average breaking loads 
pounds per sq. inch of section for the given ratios of 
length to thickness. 

Bona 1/ Lmglh (if 
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The table given on page 288 for wooden pillars, is baaed on 
the above, corrected for seasoning, and taking one-eighth of 
"te mean breaking loads as the safe working loads. Tests 
mdeoftwoorthreesticks bolted and keyed together, showed 
■at they did not behave like a. solid pillar, hot as if the sev- 
■al timbers acted independently. Composite wooden pillars 
■bould be treated as au aggregation of itide\>cvuietA,\u«a^u(ti%. 
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PHY8ICAIi PROPERTIES OP W001>. 

Seuoned timber, nioltluit 12 [Hi cent, ind under. 
atiwsM glTitn Id poundi per sqnuc Irwh. 
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Oak (Red) TY - 

Uak (Black orYelluw) J . 

Oak (While) ijouyi oouu 

Oak (Live) .1 10400 
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GREATEST SAFE LOAD UNIFORMLY DIS- 
TRIBUTED FOR RECTANGULAR 
WOODEN BEAMS 1 INCH THICK. 



LENGTH OF SPAS mr^T. 

Stfe LoadM m Povndt per Inc\ of T^ifhtett 

350' 260' 2I0' 170' l&o'j 13ol 120| lOOi i 

420 310 250 210, ISO 160: 140 120 1: 

550 420, 330 280 240 210! 190' ITO! li 

700 52q 420 350 300 2601 

500 3B0 300 250 2ld 1901 170 



I. «960| "960 750 

»750 680 510 

De»I130 820, 610 

1630 1090l 820 

'■ *1120ni20; 1020 

•850 *asd, 670 

ne«I280 1C60 BOO 

•2130 1420 1070 



300 270 



600; 500 430 370: 

410i 340 29Q 260 

490' 410 35q 310 270 2401 230 

fiWl 540 470 410 360 3301 300 

680 580 510l 450 4irt 370 

530l 440 380 330; 300 270 340 

" " 530 460 4001 360 a""' — 

7ia 610l 530l 470 4; 

890j 760' 670' 590 5 

560 480 430* 370' 340^ 310 

670 580' SlO' 450: 400l 3J0 

900 770 670 800 549 480 

""' 750^670 610 
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j^MpruceurPln 
jVallow Pine, 



18Sprue«orPine«'2880''<3880 
|0«k. ■ ■-- 



\ •96ol "gSO 840 

oe»144D J350 1010 
:«2400 1800 1350 
*1440,"'1«0'1440, 1350 1120' 
!*1070'n07d 1040 830' 690 590 530' 460: 420| 380 

"" 3 1250 1000 830 710 620 S6& 500 450 

y 1670 1330 1110; 950 830 74D! 670 610 

'■ ■•160C^"1600n600»1600, 1390 119C^ 1040 930 830 760 
'•128Q'128o!*12eO 1200' 1000' 860 750 670i SM 540 

5e«192(J*192q 1800 1440, 1200 1030 900l 800' TOO 650 
»3200^3200l 2400 192d 1600 1370| 1200i 1070 Beol «!0 

■~ 1*1920 n920 "1920 ■'1920«1920 1710' ISOOi 13301200,1090 
■♦Hg0 1-1490 ^1490'1490| 1360 117o' I02ol 9od 820 7« 

'■i»2340,*2240,*224O 19601 1630 1400 122ff 1090 9B0l 890 
■3731V3730I 3270 2610l 2180 1870; 1630' 145o'l31O1190 
'>2a40|»2a40:»234rt»2240|*2240'2240, 2040i 1810,16301480 
•171!J"'17ia»1710]*1710'*171Q 152o' 13301 1180 107^ 970 
•2Seq*2580*256rt 2550| 2130l 1830' 1600' 14201B8011fi) 
*4270|«4270 4270 3410^ 2840 2440 2130' 1900 17101550 
^'2560|''2560|"256O'2560*2560''2560»256O 23702130 1940 
I'l920n920'fl920"1920*1920''192o' 1696 150013501230 
,"""" , . *2880 2700 3310, 203O 180016201410 

l'4800,*4800,'4800| 4330 3600 30901 3700' 34002160191"" 
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GREATEST SAFE CENTRAL LOADS FOR 
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1 INCH THICK. 
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750. 600 


37(J 300: 250| 210 ]90| 170 150 140 
260l 20d no' 150' 130 no 100 95 


l?cm1ock. 


510 340 


T:Spru«orPiDe 610 410 


310' 240 200 170 150. 140. 120 110 


■Oak. 1 820 540: 410, 330! 2701 230, 200 180' 160, 150 


Yellow Pide. , 1020 6801 SlS 410 34C^ 29o' 260. 330 300 190 
iHemlopk. 1 era 4401 330 270; 32q 190! 17o' ISOl 130 120 


BSpniceorPino 800 530! 4O0] 320^ 270 330 200 180 160 150 


ttafc, ■ 107O 7101 630l 430 36d 300 270. 24o' 210; 1911 


■YeUow Pine, 1330 890, 670j 530 440 380. 330 3001 370] 240 


'Hemlock. 840' 560' 420 3401 380 240 210 19o! 170 150 


■ BprureorPine 1010 670 510 400 340 290 250 220 200' 190 


ttuk. 1350 900 670. 540 450' 390 340 300' Z70' 250 


.Yellow Pino. "1440 1120 840] 670 560, 480 420 370 340 310 
.Hemlock. ! 1041^ 690 520' 430 350] 300 200! 230' 210' 190 


lOSpnioeorPtoB. 1250, 830 620] 500 410 360 310 380 250 230 


0.k, : 1670. lUO 830 670 550 480 420 370 330 300 


Veilow Fine, '1600 1390 1040; 830 690 590 520. 460 410 380 


HemlQck. .'IgSO. lOOO 750' 600 500 430 370 330^ 300 270 


ItSprueeorPUn. 1800' 1200i 900, 720 600 510, 45d 400 360 330 


pak. 1 3400. 1600 1200' 980 800' 698 6C0i 530 480 440 


Yellow nne. 'igaO^igEO 1500 1200 1000' 860 75C^ 670 600 540 


bemlock. •1490 1360 1020. 820 680, 58d 510 450 410 370 




W.k. 1 3270 2180, 1630 1310 1090 930 82d 730 650 590 


YrtlowPlde, •2240''2240 2040 1630 1360 1170 102O 910 310 740 
'Hemlock. •1710*17]o' 1330' 107(i 890 760 660 590 530 480 




toik: •4270 2340 2130 1710 1420 1320 1060 950 850 780 


^.lk.iiPli.B, ■•2560:*3560'.2560 3130 1780 1520. 1330 11801060 970 


bemlock. -I920''1920 1690 1350 1120 960 840 750 670 610 


|fe«o«orPliio»3880 2700 2030 1620 1350 1160 1010 900 810 740 


loi. ''4800 3600 2700 2160 1800 1540 1350 120010S0 986 


h-eltowFine. 1»2880,'2380'2880, 2700 2250 1S30 1690 150013501230 


1 1 ; ! . 


> 













TOTAL SAFE LOAD IN NKT TONS FORTl 
SQUARE PILLARS. 



While Pin 

Wblte Pin 
Yellon Pl[ 
WhJU Pin 
TflllowPli 
Wblle fin 



SIDE OF SQUJRB riLLAR ly mcBES. 



I ■ I ' 



niat Sii/s Lfiad in Ntl Tsnt. 



,9 10.2 14.1J 18.6 23.7 



5.8 ! 10,3, 15.i 



1Z.9 17.4 22.5 28.2 



9,9 ZIA 35,9 45.4 



71.1 97.1127.1 



TO.Bl 96.8126,8 
43.6' 58.2, 76.2 



42.1 57.7i 75.7 



41.71 57.3, 7SJ 



41.4; 57.0, 76.0 



i 21.7 27.4: 40.61 56!2 74J 



6.7 12.2, 18,7 26.^ -34.7' 44.2| 



4.21 7.6, 11.4 15.9, 21.0 26.7, 39. 

'■ 5.3 10.8 17.3 24,8l 33.3. AZS. 64. 

3.9 7.2 11.1 15.6 20.7; 26.4' 39. 



2.6 10.1 16.6 24. 



I' go.8iaD.s 

i 5S.2 7a2 

i 90.iiaai 

!i 54.8 Hi 

tl 89,3 US.3 

i 54.*, ?a* 



TABI^E OP PHYSICAL PROPKKTIES OF 
METALS AND ALIX>YS. 



:i.VE OF MATERIAL. 



Aluminiutii Bronze, 
10* Al. 90» Wi. (roUetJ) 



55 



10 



Bronze, Manganese {caxi 

" (rolled 

Phosphor , . . 

Ti*iQ (rolled) . 

Copper (cost) 

'' (sheet) 

wiM annealed. . 

Iron Cast (See page 381 ] , 

" wire annealed. . . 

" bartl drawn . 

wrat,, rolled Imrs , 

" " plates 



' 95000 I 

; 75O0O' 52000 

52000 39000 

■ 4EOO0 Z40O0 

65000 3O0O0' 10000 

79000 36000 9100' 14 

75000 420O0 16400, 13,2 

117400 48000 16900 11,S 



«a 



43500. , 



12.5 
)4,5 I 



7120Oll3O000 , , . ^TTOOi 
lOOOOO' ,,..,, flOOOOi 
4770Q' ...',,.' 21500l 



79400 175000 419001 55400! 



I 45000 
75000 
SOOOO 
50000 



a (8m page IS) . 



PHYSICAL PROPERTIES OP IVLATERIALS 
OF MASOXRV, ETC. 

LllunuagiTailiipoiuidipertqiiarelDch. For KorMDEetresSEtseep. ISL 





"7^,7 


T,a-^ 1 w«fu(B. 


irrrM 


















nriek, nmlwiiw FnvJng. . ..... |""- 


303DO 
4BE0 


160 










Redaiiale 




tsss 




Yellow Fira any 


),S 










^ 


2000oS 


126 
































































































































■I't.p , . . . / 


'ZMM 


■ woo 


irtfimi> 


I 


















^000 










"S 


"^ 






























m» 







» POUNDS PEB CCBIO FOOT OF SUBSTANCES. 



AiplultDm 

a»)r, polWr'B drj. , 



11S|I 



oe, qui. 



E3 Lime, qulok, tm.. 

12- BOlM!™ 

m-lMllMud, dry, Blow. 

ISZl ■' wel, fluid. 

167itmBMi.maimr- 

142 9»nd,drT»Brt' 

601 '■ iiei'tKi\j utt . . 
lit jSbiilfs, T«d or bUck. . 



r&.'y" 




lone (or the body of concrete limltaled 
tnd It Is DbrlouBlr <uiBt for flrB-piwS^ 



FOUNDATIONS. 

The bearing power of eoilt) varies widt^ly with their nature 

and condition. Roek may BUHtain from 18 to 180 tune per 

Suare foot. Cojiipact gravel and coaTse eand well eetuented, 
conaideraUe tniekness, not liable to be carried away by 
water, can be iDiuled with 8 to 10 tons per square foot, 
while the stiff varieties of dry clav will safety siipiiort 4 to 6 
tons pej eqimre foot, la general, nowever, the building laws 
of difierent iocalitiea wiUlimit the pressure on the different 
soils. The table below givea the requirements of a few 




PILB8. 

for piles in municipal work will he 
piven in the local ouilding laws, as alan are the dimensions, limd- 
ing and spacing as given on the prci'^ini; page. Their deerpe^f 
stability under these condition? can be determined from the ful- 
luwing formulfe : 

/- = loadinnettona, ^^ 

W= weight of hammer in net tons, ^^1 

u> = weie:ht of hammer in pounds, ^^H 

ff=fall of hammer in feet, ^^H 

ft=fali of hammer in Inches, ^H 

p — penetration in inches, due to last fall. ^H 

Ab a factor, Trautwine recommends that for piles thorouglily 
driven in firm soila, one-half of the above load be taken, in river 
mud or marsh (piles not driven to rock-bottom), the safe loftd be 
restricted to one-aixth of L. 



£- ■""" ,^ (Wellington.) 



itratiQtUk 



JIIIL 



ORILLAOB BSAMB. 

Pencoyd I beams used in a grillage for fo^ndalion^ 

of walls or columns : 

Considering the lower course, 
the supporting pressure from the 
soil is taken as uniformly dis- 
tributed on the beams over the 
while.the load carried by 
.i/iiifTm, la *aken as um- 

iDespan L. rne maximum bend- 
3 then I W IS— L) where W is the total load on the 
foundation. 

To find the safe load that a beam wiU carry as a grillaRe beam, 
it is only necessary lo refer to the tables of safe load on pages 30 
',oB5, and take the safeload the beam will carry for aspan (S—L), 
" ' ~ a load of 500 net tons carried on a soil tt ' 



will support safely 2 tons per square foot, the area required for 
the foundation will be 250 square feet. Taking the base of Ihe 
column as 4 feet B inches s<]uare, i> beams can be placed side by aide 




width and permit of concrete being rammed between 

Then each beam will be loaded with 83 tons. Thp soil 

by foundation will be a square iif 16 feet side, hena 

— 41^- 111 feet. Now, on pace 31 , of safe loads of I 

Bud that a 31 incJi I beam, 85 pounds, will canr (H 

_. Jbe same way the beams in the lower coune are fboixf 

i — IG inch I beams, 50 pounds. 



PAINT. 

Tbe coTering properly of pnint dppands on the BmoollineBi 
lOKerof Iha eurlBCD pajaled; HlsouD the fluldl 



(ends itae Tolume of all used from 20 Id 7i per cent , according to the kind o 



i-VTOiOK aURF 


ACE COVEBED 


PKROi 


ryiN DT Pi. 


mr. 




FaSnL 


Krf™,;/' 


Lbi. 


I'oftHMOKd 

(if ™b(. 




i^(. 


™ "^i *^rundinoli 
Bed L«ad (uowderod) . 
WhllBl*»a(g'rdiQoill. 

asiE'"""""'- 

Linseed oil (no plgmeni} . 


1 ;; (turp.) 


Jim %!h--i<i.SI} 


i 


1 


Light alraetural worti 


will BTcmge 


bout 2M square f 


St, and 


he.,7 



.00 iQusrB feet of nuttioe per net ton of metal. 

The out of palntlDg with oxide of Iron oi almllar maUiial, tnuLiI iipo 
LDt ooatlDg SO cents per gil]aD,Int>or at shops. tl.SO per ds;, end HI erei 
D, t2.D0peTdiy, will srerage: 







Iiight Wort, 


i/eotj Work. 


Corts 


One Coal at Sliop : 
' labor per net (on of sl«el '.'.'.'.'.'.'. 


10.27 

ITio 


«„ 


Si: 


t paint per net ton of steel 

f labor per net ton otsleel 


S0.3ft 






Sl,20 



nilkce ooTcred. The i 





i;i,W «'=.»:. 


/ftn,.j Wort. 


e."!K' 


:c, per DSl ton 


fiiiei' : : : : 


m-u 


(0.07 












CRANE CHAINS. 



DIHESSION. 






51744 117248 
59136 19712 



46200' 82400 :30800 
50512 101034 33674 
55748111498 37165 
60368 120736 40245 
66526133056 [44352 



a 

rN 



13440 ■ 
16800 
30720 



47040 I 
53760 I 



45920 91840 
50680101360 
543801109760 
60180120960 



looeo 

11760 
136Z7 





■ 


r WROUGHT IRON TUBES. 


1 

1 


Ordinary Ou 


«■ KWer P/p.. 


Hydrmlic TM«B. 
■^'™- 1 Extra. 


~% 


.40 


^ 


~~Z\ 


1? 


.13 


.24 


1"^ 
27 


J 
lo 




""5 


t"* 


.54 


.09 


.36 


.10 


.23 


.42 


18 


,12 


.29' — 


— 




h 


.67 


.09 


.49 


.19 


.36 


.56 


18 


.13 


.42 1.22 


.23 




\ 


.84 


.11 


.62 


,30 


.55 


.84 


14 


,15 


■54 


.29 


.24 




•i 


1.05 


.11 


.82 


,53 


.87 


1,12 


14 


,16 


.73 


,31 


.42 




1 


1.31 


.13 


1.05 


,86 


1.36 


1.67 


m. 


,18 


.95 


,36 


.58 




l"4 


1.66 


.14 


1,38 


1,49 


2,15 


2.24 


11^^ 


,19 


1,27 [ ,38 


,88 




I'd 


1.90 


.15 


1.61 


2,03 


2.84 


2.6S 


11^ 


.20 


1,49 


.40 


1.08 


1 


2 


2.37 


.15 


2.07 


3.35 


4.48 


3,61 


n\i. 


.22 


1,93 


.44 


1,49 


1 


z^ 


2.sr 


.20 


2.47 


4,78 


6.49 


5.74 


8 


.28 


2,31 


,56 


1,75 


■ 


3 


3.50 


.22 


3.07 


7.38 


9,62 


7.54 


8 


,30 


2.89 


,60 


2.28 




3% 


4.00 


.23 


3.55 


9,89 


12.57 


0,00 


8 


,32 


3,35 


.64 


2,71 




4 


4.50 


.24 


4.03 


12,73 


15.90 


10.66 


8 


,34 


3,81 


.68 


3,13 




*^ 


5,00 


.25 


4.51 


15.96 


19,64 


12,34 


8 


,35 


4,25 


,72 


3,56 




5 


5.56 


.36 


5,05 


19,99 


24,30 


1450 


8 


37 


4,81 


,75 


4,06 




6 


B.63 


.28 


6.07 


£S,SS 


34,47 


18,76 


8 


44 


5,75 ' .87 


4,87 


J 


7 


7.63 


.30 


7.02 


38.73 


45,6B 


23,27 


a 


50 


6,62 ,84 


6,03 


1 


S 


8.63 


.32 


7.98 


50,03 


5B.43 


28.18 


8 


56 


7.50 1 ,87 


6.87 


1 


9 


g.63 


.34 


8.94 


62.73 


73,72 


33.70 


8 










1 


D 


ic-ra 


.36 


10,02 


78.B4 


90,76 


40.06 


8 










1 


3 
t 


12.75 
14.00 
15.00 


.3B 


12,00 
13.25 
14.25 


113.09 




49.00 
53.92 
57.89 


8 
8 
8 












WBTB-Above 15 Inch™ 
L AIJ dimpnaioni 


l,u a<il>lde dinnielera are tbe Bonifu^I nin. \ 
Ivm in Inches, all KclgWa^uvaMuii, 


i 







COBBUGATED IBOK 2V PITCH. 





III 


WctgM oj 100 Sfuare Fal In FMrnJi, 


# 


LoeteSluxU, 


MSIi«,L^gUu^r 


Slack 




»' 


fl' 


7- 


^ 


■■ 


s 

24 
26 


.0375 
.0313 
.025 
M8& 


167 
139 
111 

83 


184 
156 
128 
101 


210 
178 
146 

lis 


208 
176 
145 
114 


207 
178 
144 
114 


206 
175 
143 
113 


3 
V 
h 
1 



Note.— If maUrlBl lito be ptluled add Z pouDdg to tha aboTe 
100 equiTfl feet 
This table ie bHtad od gdvanited Htrrugiled ■heets 27" vide abi 

Before corrngstlDg, ahecu are tlO" wide. 





S^llAOd. 


EI^UoLbiM. 


(>vy*.. 


f 


SpanirtF>iel. 


^n in FhI. 


%«»inj 


9 4 S 
59 1 44 36 
31 1 23 IS 


30 

IS 

16 


?! § 

44 34 


i 

34 
27 


t 


" 


« 


22 


45 


.134 

107 
84 
69 


100 
80 
63 
52 



b = Centre lo w 
J ^ l>epth of CO 





^ 




WEIGHT OF ROIXEP SHEET8. 














Jft. ^ 


«j« and Av"'A 




Hiw V. S 
Oatigt 


fS" 


o.t. n 


ClblFIJ 


"Sir 






<» ';»(*(" 


"Tir 




oooo 

000 
00 



454 
425 

3B0 
340 


18-52 
17.34 
15.50 
13.87 




460 
410 
365 


18-76 
16,72 
14,88 
13-26 




406 
375 
344 
313 


16,58 
15,30 
14,03 
12.75 


1 

2 

4 


2B4 
259 
238 


12.34 
11.59 
10-56 
9.71 




258 
329 
204 


10!53 
9-36, 
8,33 




Oil 

SO 
234 


11.48 
10.84 
10-20 
9-56 




6 

e 

7 
8 


203 
180 
lfi5 


8.98 

7]34 
6.73 




182 

144 
129 


7-42 
6.61 
5,88 
6-24 




219 
203 
188 
172 


8,93 
8,29 

7^01 




g 

10 
12 


148 
134 
120 
109 


6.04 
5.47 
4.89 
4.44 




114 
102 
091 
081 


4,66 
4,15 
3,70 
3.29 




156 
141 
125 
lOB 


574 
5,10 
4,46 




13 
14 
15 
16 


OHb 
083 
072 
065 


3.87 
3.38 
2-94 
a.65 




)72 

H7 
051 


2.93 
2,61 
2,32 
E.07 




094 
078 
070 
0R3 


3,83 
3-19 
2,B7 
2.55 




17 
18 
19 
20 


m 

042 
035 


2,37 
1-99 
1.71 
1-42 




045 
040 
036 
032 


1.84 
1.64 
1.46 
1.30 




056 
050 
}44 


2.30 
2.04 
1,79 
1.53 




21 

23 
24 


032 

)25 
022 


1-30 
1,14 
1,02 
0.898 




028 
035 
023 
020 


1.16 
1.03 
0.921 
0,821 




034 
J31 

OW 


1.40 
1-28 
1.15 
1.02 




26 

2? 


018 
016 
014 


0,8ie 
0.734 
0.653 
0.571 




018 
016 
014 
013 


0-729 
0.651 
0.581 
0,515 




032 
019 
017 

nifi 


0,89 
0.77 
0,70 
0.64 




29 
30 
31 


U13 
012 
010 
009 


0,531 
0.489 
0,408 
0,387 




010 
009 
008 


0.459 
0,409 
0.364 
0,324 




014 
013 
Oil 
010 


0,57 
0,51 
0,45 
0,41 




33 
34 
3S 
36 


OUH 
007 
005 
004 


0.328 
0.286 
0,204 
0.162 




007 
000 
OOS 
.005 


0,28S 
0,257 

0^204 




009 
009 
008 
007 


0,38 
0.35 
0.32 
0.29 


^ 


^ 


297 





■ 


WEIGHT OP STEEL PLATE. 






Pounds per LlDBil Foot, 


mm 


TmaKyBBSININCH^ \ 


A 


-% 


A 


^ 


A 


% 


A 


\ 


12 
13 
14 

15 


2.56 
2.76 
2.9S 
3.19 


5.10 
5,53 
5,95 
6,37 


7,65 
8.29 
8.92 
9.57 


10.20 
11,05 
11,90 
12,75 


1275 
13.81 
14,87 
15.94 


15.30 
16.57 
17.85 
19,12 


17.85 

19.34 
20,83 
22,32 


22.10 
23.80 

25.50 




16 
17 
IB 
19 


3,40 
161 
3.82 
4.04 


6,80 
7.22 
7.65 
8,08 


10.20 
10.84 
1147 
13.11 


13.60 
14.45 
15-30 
16-15 


17-00 
18.06 
19.13 
20-18 


20-40 
21.B7 
22,95 
34.22 


23.80 
25.28 
26.77 
28.26 


27.3] 
32.29 




s 

22 
23 


4.25 
4.47 
4.67 
4.88 


8.50 
8,92 
9,35 
9,7? 


12.75 
13.39 
14. D2 
14.67 


17.00 
17.85 
18.70 
19,55 


21,25 
22.32 
23,33 
34.44 


25,50 
28.77 
28.05 
29,32 


29,75 
31,24 
32.72 
34.21 


34.00 
35,70 
37.40 
39.11 


i 

37 


5.10 
5,31 
5,53 
5.74 


10,3) 15.30 1 20,40 
10,63 15.93 21,25 
11,05 16.57 22,10 
11,47 1 17.22 22,95 


25,50 
26,58 
2762 


30.60 
31,87 
33.15 
34,42 


35.70 
37.19 
38.88 
40,17 


40.80 
42.49 
4^20 
45.90 


28 
2B 
30 
32 


5,95 
6,1S 
B.37 
6.80 


11,90 
12,32 
12.75 
13,60 


17.85 1 23,80 
18.49 1 21.65 
19,12 , 25.50 
20,40 1 27-20 


29-75 
30.81 
31-87 
34 00 


35,70 
36-97 
38.25 
40.80 


41,65 
43.13 
44.62 
47,60 


47-eo 

49.31 
51.00 
54.40 


34 7.22 
36 7.65 
aa B,08 
40 8.50 


14,45 
15,30 
18,15 
17,00 


21.67 ! 28,90 
22,95 30,60 
24.32 32,30 
25,50 34.00 


36,13 
38-25 
40,38 
42,50 


43,35 
45.90 
48.45 
51.00 


50,57 
53.M 
56.53 
59.50 


s!.n 
eiio 

64.B1 


43 (' 8.92 

44 9.35 
48 9.77 
4» 10.20 


17.85 
18.70 
19,55 
20,40 


28,77 1 35-70 1 44,62 1 53.55 \ 62,47 1 71* 
28,05 , 37,40 46.76 1 56.1^* \ 65-*5 T"" 
23,32 1 39,10 1 48 88 =fl 6& \ 6a« '^^ 
30,60 40,80 1 %xm ^VP ■'^■« "■« 


/ 50 10.83 

1 S ,liS 


21.25 1 31.ffJ 1 42,431 53,^1 ^ . \74«\ kH 

22-10 33.15 1 44,X ', ^^ \ 63.76 \ -n 35 m. 

22.95 34.42 '. 45.90 %i% 66,^ ^f, ^ 

\ 23,80 35,70 , 47.59 1 4i% \ ^%, \ ^^ \ \, 


S/ 




\ M.65 36.?? 1 49.30 1 ei 
\ 25.50 I 38.25 '^51.00 I ^ 


^\F^ 


)r 


" 




m 






^ — --^y 























FLAT BARS. 








8BC- 

3^ 


nON-U. AKEA8 ASD WEIGUTS PER I.CCKAI. FOOT. | 


A-n«. 


Vn«. 


A-m*- 


11 


Ui.^tf 


Amitm 


^fti* 


w^ 


Xto-j-r 


i^ii 


^ 


■■ 


^ 




^ 


^m 


1 


.SIS 

.889 
.(66 
,S9S 




.4S6 
.478 
.531 
.584 


.125 
.141 

.156 
,172 


.687 
.717 
.T97 
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Trioonombtrical Functions. 




r Let angle AO Fhe denoted 1 
OA = radius iJ. 



Sine 


C= 


.FQ 


Cosine 


C 


OG 


Tangent 


c= 


-.AI 


Cotangent 


c= 


:DL 


Secant 


c= 


01 


Cosecant 


c= 


OL 



Versed sine 0=0 A 
Coversedsine C=DK 













Tbigonometri 


UAL Equival] 
Cos. = 


ENTS. 


8ine 


— \/ 1 — cos.^ 


= v^ 1 — sin.* 


S^ne 


— COS. -T- Cotang. 


Cos. = 


: sin. -4- Ta 


Tang. 


— 1 -i- Cotang. 


Cos. = 


isine X Co 


Cosec. 


— 1-7- Sine. 


Tang. = 


: Sine -$- Co 


Secant 


— 1 -T- Cos. 


Cotang. — 


= Cosine -i- Sir 


Vers. 


— Rad. — Cos. 


(Rad.)* = 


: Sin.« + Co 


Covers. 


— Rad — Sine. 


(Secant)' = 


: Radiu82+ Ti 




Cot,ang.= 


= 1-7- Tang. 













Right Angled Triangles. 








A 


b 


Sin. 


A '1 
c 




Tang. A—^ 


Cos. 


A i 

C 




Cot. A — ^ 
a 



Sec. 
Cosec. 



«a& 




I, c 

1,6 



B, a 

a,b 
b, C 



A,B,b 
A,B,c 

BybyC 

B, o, c 
B.a^ b 



Formula. 



Sin. A=-\ COS. B = ^\ b = \/ {c-\-a) (c— o) 
o c 

Tang. A = ^; cot. ^ = ^ ; c = %/ a« + 6* 

5 = 90** — ^; 6 = aX cot. ^ ; c = ^-^ 
' ' sift. ^ 

5 = 90**— /l;a = 6x tang. A\ c = — ^ 

COS. ^"1 

5 = 90® — A\ a = cX sin. ^; 6 = cX cos. A 
Oblique Angled Triangles. 




b 

B 
A — B 



h , ^ sin. B 



Sin. B = 



Tang. HA--B) J""-- ^iJ^^-^MAJr^^) 



b, c 



hCya 

bf c 
b, c 



cos 



Area 

Area 
Area 



sin. A 
b sin. A 



a 



Let .Sf = i {a+b+c); sin. i ^=^'^^=^x V^^J 

• i '^=\~b~c~' J ^^"g- i ^* =\ TIF- a) ' 

sin. A = 2 VU^^IlBI- ?> )<^"4 

6c 



Area = 



a'* sin. 5 sin. C 



2 sin. ^ 
Area = ^ 6 X c X sin. A, 

Area = \/8~(F^^) (i) — 6) (« — c) where 8 ^^ 



887 



MENSURATION. 
Triangle, Area = base X * ptirpendicular lieight. 



1 



MKm 



Abba of as Irhegui.ab Planb Subfaob. 

Divide the surface into 
number of pamtlel strips of e* 
widtbB, "d" take the mi< 
ordinaleB k,, h^, etc 
I. AreB = (Ix i:ft+,^{a—fi,) +4(6 — ft„) (Ponce: 
rule). ^2 ^2 



I 



(Francke'a 
ni. Area ^ d x in 

S is symbol for sum of. 

CtBL-LB, 

Circumference == 3.1416 x (iiameter. 

Length of an arc = diameter x number of d^ree 

arc X 0.008726B. ^^^ 

Chord o f arc^ CD= ^D'—{ f>-, 

' =2x^W — {E — h)' — 

1 Chordof iAro = Jj/(; 




Diameter = 



CD' 



+ h' 



y 



■r nearly t 
Area circle = . 7854 (dia 

Area Sector ADFCA = ^ X arc nFC = 
3.141 <i X R * X ang le DAC m degreea 
360 
Area Pegment CDFC = } [arc BFC X. R — SS C| 

Sphere. 
Sphere, Surface = 12.6664 IP = 3.1416 IP 
Sphere, Vol ume= 4.189 S? 
Spherical Sector, Surface = 1,5708 (4ft + CD) 
Spherical Sector, Volume = 2.0944 IPh = " 



SpheriCfll Zone, Surfeoe = 6.2832 X ii X A = 

0.78.H iClC + W) 
Spherical Zone, Volume = 3.1416 fi' (R — J A) = 

3..™i.(«?+lA'-u) 

Circumference of an ellipse = 3.1416 - /- ^ + ^ a] 



Convex surface ^ 3.1416 x diam. of base X altitude. 
Entire " = 3.1416 X diaia. of base X altitude + 
5708 X [diam.']. 
Volume = 0.7854 diam.' X altitude. 



Convex Ruriace = circumference of base X i slant lieiglit. 
Volume == area of base X ^ altitude. 

Fniilritm of Right Cone. 
Convex eurfece — 1.5708 X slant height of frustrum X 
im of diam. of baeeb. 

Volume = 0.2618 X altitude X [square of diam. of lower 
lae + aquare of diam. of upper base + product of 2 



prnAMiD. 
Convex Hurface regular pyramid = perimeter of base X i 
ant height. 
Volume = area base X j altitude. 

Pnnlntrii of a Regular Pijramid. 
Convex mirfece = J slant height X Bum of perimeterB of 
n of areaa of 2 bases + square 



Wbet prodi 






ELBCTRICAL FORMTTLiB. 

The centimeter, gramme, and second are the unit 
space, ma£H and time. 

Unitof velocity = space -i- time = 1 cm. in 1 seconc 
Unit of acceleration ^ change of 1 unit of velocity i 

1 second. 
Acceleration, due to gravity at Paris, =fi81 (■entimi 

ters in one second. 

Unitofforee=l dyne = , ii ^m, = .000002247 pooii' 

A dyne is that force which, acting on a mass of 1 gm. 

ing 1 second, will give it a velocity of 1 em. per second. 

TInit of work = 1 erg = I dyne-centimeter = .00000( 

7373 foot-pounds. 

Dnitof i)ower = 1 wfttt = 10 million ergs par second 

1 watt -= ,Ij of I h. p. = .00134 h, 

C. O. S. Unit of magnetism = the quantity wbich att 

or repels an equal quantity at a centimeter's distance 

the force of 1 dyne. 

C. G. 8. Unit of electrical current = 
flowing through a length of 1 centimeter or wire, aei 
aforceof 1 dyne upon a unit of magnetism distant 1 
meter from every point of the wire. 

pRAOTiciL Unite. 
Ampere— the unit of current strength, represented 1 
Volt — the unit of electro-motive force, represented by 
Ohm — the unit of resistance, represented by R. 
Coulomb— the unit of quantity. ^B 

Ampere-hour ^=^ 3600 coulombs = represented b^a| 
Watt — the unit of power ^ volt-ampere ^ P. 1H 
Joule — the unit of work ^ voltcoulomb = W. TH 
Farad— the unit of capacity, represented by A", (Be 
millionth of the Farad, or micro-farad, ia the ( 

Henrv— the unit of induction. 

The following formulse give the relation betwee 
units ; / =i 1 second, T^ 1 hour. 

combination the following formula are derived^ 



^E 



f = cfl =-'?:=§;? 





[The relation between the practical unils and the C. G. S. 
RJnits IE : 


I 1 Ampere = 10-' C. G. 8. Unite. 


1 1 Volt = JO" " 


f lOhni =10' " " 


1 Coulomb =10-1 i> 


1 Farad =10"' " 


1 VoU-coalomb = 10' 


1 Wfltt (volt-ampere) = 10' 


EQUIVALEN-tS OF WoRK. 


Work = Power X Time. 


1 Volt coulomb = 1 Watt (volt-ampere) per second. 


(Joule) = .737324 foot-pounds. 


= .101937 Kilogrammetera. 


= .00134059 H. P. per Becond. 


= .000022343 H. P. per minute. 


1 Foot-pouod = I.3562fi Volt-coulombs, 


a Kilogrammeter = 9.81 


3H.P.perBecond = 745.941 " 


1 H. P. per min. = 44753.47 " 


EtllllVALBNTS Olf PoWKB. 


' — =S- 


1 Watt = 1 Volt-coulomb per second. 


= .00134059 Horee-power. 




= 44.23944 " " minute. 


= 2654.3664 ■' " hour. 


1 Foot-lb. peraec. = 1.35626 " " " 1 
1 Foot-lb.permin.= .0226043 
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tMSCBSSHHS. WEIGHT ASD RESISTANCE 
or BARB COPPBS WIRK. 
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_^ 'r,,^ ■»—— ^».r. 


A. W 




^i 






s-0 aaumisamm <£« 2.«2 ins .uiuesojnssi 
t susiiasEjo 11^ 3-uo jbb -usiosoD^ascm 

I WW MBia? 2S13 a3<7 031 «3 80B3.0<a83 
Z SUM «37L31 2X19 i^H .158 J3t 600.07765 

4 2X307 «J4L32 126,* 7314 .attlJTO 4(B1 .1936 


3e 

2S0 
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Ifi 
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145 

125 

113 


B 
73 
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3 




5 1SL9D. 33e&27 1002 9.960 jn3I-S5Z 3I£r7Jn22 
a IXiSZ MSL3T T9-i6 IZoB ,3e<2i83 253&.«63 

7 t442S6 aoei&35 S3SB liflT .«72«a6 2011 .7882 

8 I3&490 ISiae* 49 9S Xi)l £70311 15861.255 


90 
80 
65 

as 


45 




9 114.43* 13093,7=. 3B-S3 25.23 ,?91«?S 12851595 

10 lOLSBTT HB83Xe 3L43 SLffi J9g75-127 10031173 

11 90 743 8Z9(-]1 21-93 40.12 1.2S7&e37 7963&Ot5 

12 SOSOB 6529-96 19.77 50.561.5868374 630.7aoza 


4S 

40 
35 
30 


2D 
17 
IS 
13 




U 71362 5178,58 15-68 63,79159910,56 500.112.78 

14 64.084 4106.72 14.43 80.44 Z53H3.31 396,620-28 

15 S7.0S9 2356-88 936 101.43,179ia7g 314.532,25 

16 50321 2562.74 7.82 127.94.00921.17 249.451.28 


25 
22 
19 
16 


10 




17,45.257 204839 631 161 35-flffi26.89 19738153 
18:40,303 1624.30 4.92 203.46.37433.66 15a9129,6 
19 3S.880 1288-13 3 90 2565 8-03942.411314306.1 
30 1 ai.B6I| 1022.5S 3.09 323.4 iai45354;9a66;3n,8 
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CAPACITY OF CABLES. 






Artafa 


J«;vnv. 


Armut 


^.,™. 






Cfm 1 OmcRilRl. 




Op^ 


OwnM. 




k 300000 


300 i 20O 1 
405 Z70 1 
500 335 
595 1 395 
680 1 445 


1300000 

1400000 
1500000 
1600000 


1145 

1215 
1285 
13K 
1425 


715 
755 

835 

8?S 






,M 495 
845 540 

925 5B5 
1000 030 

1075 1 eis 


1700000 
1800000 

1900000 


1490 ' 
1555 

1620 
1680 


910 
945 
980 
1015 
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AVOIHDUPOIB OB COMMEHrail. WEIOHTO. 


A 


en.«7b». 


OaU. 


fl«7.d.. 


o™«* 
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20 
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2240 
112 
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35840 

1792 

16 
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3KU.. 


fisii. 
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Aet. 
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/neAu. 
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321) 
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1760 
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5280 
16 
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63360 
198 
36 
12 


BQnABB MEJBUHB. 
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Aoni. 


Sq.Bod,. 
102400 

160 


Sv. Tards. 

097600" ~ 
4840 
30.25 

1 


Sg.fi,,. 


Sj. fncia. 


640 


27878400 

43560 

272.25 

9 

1 


6272640 

39204 

1296 

144 


CUBIC MEAHUKE. 


^hMe Yard. \ Cabie FtH. 


CU)te Tncl^ 




«:*«,» 


A,/, 1 in«, Oa/ta,.. 


1 

0-0461 


27 

1 

1.2446 

ai337 


46650 
1728 
2160.42 
231. 


21.7005 
0.8036 

1 
0.1074 


201.074 
7.4806 
9.3092 
1.0 


1 heaped bushel = H struck bualiel. 

1 cofd of wood = a pile 4X4 X. 8 feet = 128 cubic feet. 

■Ipe«hofmaHoni7 = 16i X l^X lfoot= 24i " 

UQriD MEASURE. 


n^ 


Gullmi. 


q^i,. 


Hnto. 


auii. 


1 


•; ' 


31.5 
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126 
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252 
8 
2 
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IOCS 
32 
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1 
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Jt 


^ » -< 





METRIC BTSTBM. 


LINEAR MBASU&S. 


XBASCBE OFSUBFACB. 




Abbr 


Value. 




kint 


looonoom.' 


MfriuneUr 
Idlometer 




lOOOO fflEW™ 


feS"— 




IfloO "■■ " 




10000 ai.' 








An 










10 '1 


fCenUro 






1 Dsdmeur 


am. 




ISqum Meier 
ei|. Declmetar 


Si.' 


.01 m't 


CMiUmMer 








m,' 






mm. 


.001- 


B,:MiUitn"fJ 


mm. 


.000001 Bl,< 


MEASURES OF VOLUMK 


«,u»wo^»« 


(KlloUWr 




1000 lllaa 


(MlUler 




lODOkillH 


■iBUn 






\ ToDnf au 






(Cuble Hekx- 






iMMrifl Ton 








a}\' 


IMO '■ 






^10 " 


f Cubic Decinieler 






kg' 


lOMgrtm. 














Cmllliler 


cL 


:oi " 


DekBgrsm 




ID ;; 


(CpbioCentlmMer 


cni». 




Gram° 


'i 




{ MUlillUr 




!ooi IKer 


DwigroDi 




Cubic M11UDie1«r 






CeutTtmm 




.01 " 


Microlilsr 


i 


.001 m.h 


Mmign.n. 


'^i. 


■»'-"' 


HZITRIC CONTHRSION TABLE. 


Millimetere X .03937 = inches. 


-T- 25.4= " 


Centimeters X .31)37= " 


-i- 2.6*= " 


Meters X 39.37 = " (Art of fodgresB-) 


X 3.281 = feet. 


" X 1.094 = yards. 


Kilometers X .621 = mile§. 


-T- 1.6093 ^ '■ 


" X 3280.7 = feet. 


Square Millimeters X .00165 = equari- inthea. 


H- 645,1= " ■' 


Square Centimeters X .155 = " " ' 


SyuareMetfra X 1071H - '■ fret. 
1 


L 













Mbtric Convbrsiok Table — Continued. 

Square Kilometers X 247.1 = acres. 

HektareB X 2.471 = ftcrea. 

Cubic Centimetera -i- 16.383 — cubic inches. 

" " H- 3.69 = fluid drachme. 

-=- 29.57 = fluid ounce. 

Meters x 35.315 = cubic feet. 

" X 1.308 = cubic yards. 

_ " X 264.2 = gallons (281 cu. in.), 

liters X 61.022 = cubic inchea (ActofCon- 



X 33.8. 



e(U, S- Phar.). 



Grai 



Ilograms 



.2642 = gallons (231 c 
-i- 3.78 = 
-i- 28.316 = cubic feet. 
iters X 3.531 = " " 

X 2,84 = bushels (2150.42 ci 
X .131 = cubic yards. 
X 26.42 = gallons (231 cu. in 
X 15.432 = grains (Act of C 
X 981 = dynes, 
(water) -r- 29.57 = fluid ounces. 

-=- 28.35 = ounces avoirdupois, 
per cu. cent. -5- 27,7 ^ pounds per cubic inchea. 
X .7373 = foot-ponnds, 
X 2.2046 = ponnds, 
X 35.3 = ounce, avoirdupois, 
^ 907,2 = tons (aOOOlbs.). 
" per BC|, cent, X 14.223 = pounds per aq. in. 

ilogrammeters X 7.233 ^ foot-pounds, 

lograms per lineal meter X .672 ^ pounds per lineal ft. 
" square " X ,205 ^ pounds per aqnare ft, 
" cubic " X .062 = pounds per cubic ft. 
" cheval-vapeurX 3.235 = tba. per H, P, 
X 1.34 ^ horse-power. 
-7- 746 = " 

X .7373 = foot-pounda per second. 
X 3.968 = B. T. U. 
iTal-vapeur x ,0863 = horse-power, 
;. Centigrade X 1-8) + 32 = degrees Fahrenheit. 
X .193 = dollars. 
Paris = 980,04 centimeters per aecond. 
altyknot = 1.853 kilonaeters. 

[ 1 Atmosphere is the preaaure of a column of 76 centime- 
rB of mercury at the temperature of melting ice at Paris, 
phere it Is equal to 1.0333 kilos on a st^uare ccnWiQftXft.t. 
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BEAMS— I Beam Sections. pa6B 

safe loads and deflflctions 80-85 

spacing and deflection of 27 

supports and connections for 110 

▼eight of floor per square foot 28-29 

BEAMS, of angle and tee sections 123 

stresses on, due to impact 122 

subjected to compound stresses 118-121 

supporting brick walls IS6-1S7 

supporting irregular loads 116 

with fixed ends 25 

without lateral supports 2S 

wooden 283-286-287 

BEAMS AS STRUTS 16&-16J 

BELTING 287 

BENDING and compression beams subjected to both 118-121 

BENDING, bearing and shearing values for pins 244-245 

BENDING moments for beams 220-226 

BENDING, resistance to 24 

BOLTS AND NUTS, weight of 267 

BOLT IRON, sizes 15 

BRICK ARCHES for floors 141 

arches, tie rods for 146 

walls, beams for supporting 156-157 

BRIDGE RIVETS, shearing and bearing values of 264-266 

weightof 268 

BRIDGES, specifications for railroad 269 

BUCKLED PLATES 147-149 

greatest safe loads for 148 

BULB ANGLES, elements and properties of 202-203 

moments of inertia 202-203 

radii of gyration 202-203 

weight of 12 

BULB BEAMS (see Beams). 

CANTILEVER BEAMS 114-115 

CAST IRON 281 

CHANNELS. 

approximate rule for strength of . ... 113 

as struts 170-172 

dimensions and weights of 6-6 

elements and properties of 192-195 

greatest safe loads and spacing 96-98 

moments of inertia 192-195 

l)roportions of 5-6 

radii of gyration 192-195 

separation of, in latticed struts ! 196 

/ struts 166-167 
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LOADS (MtCtaft Loads). n 

flbanoterof. 

LOOABTTHlfS OF NUMBERS m- 

MASONBT, physical properties of materials of 

HASONBT AND FOUNDATIONS 

MENSURATION »- 

METRIC CONVERSION TABLES 

METRIC SYSTEM 

MISCELLANEOUS SHAPES 

MODULUS 0FELA8TICITY 

NUMBERS, squares, cubes, etc., of m 

NUTS and pins, sizes of 

NUTS, sleoTC, sizes of 

FAINTING 

PHYSICAL PROPERTIES of alloys and otKarnatals 

of materials of masonrj 

of timber 18* 

PILLARS, and wooden beams 

PINS AND NUTS, table of dimensions 

PINS, shearing, bending and bearing Talaes of SM 

PRESSURE, destmctive, tables of IW 

PROPERTIES and elements of angles M 

bulb angles M 

channels Ill 

deckbeams M 

I beams 18i 

Zbars Iff 

Z bar columns 

PROPORTIONS of bolts 

channels 

clevises 

eye bars 

I beams 

pins and nuts 

rivets 

rivet shanlc to form head 

round and square bars to make upset 

screw threads 

separators 

sleeve nuts 

working, for continuous shafting 281 

RADIUS of GYRATION of angles 20( 

bulb angles M 

channels 191 
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SAFE LOADS. PA6B 

I beams . , 80-95 

steel struts, tables of lGO-166 

tees 106-109 

Z bars 106 

SAFE LOADS, limits of, for beams 22 

" " for struts, of angles, table of 174 

channels 170-172 

I beams 168-169 

tees 176 

Z baiB 171 

SAFE LOADS, round columns 178-179 

square columns 180-181 

square pillars 288 

wooden beams 286-287 

SCREW THREADS, table of standard 266 

SEPARATORS, table of standard 267 

SEPARATION OF CHANNELS, in latticed struts . 196 

SHAFTING, deflection of 236 

horse-power of 286 

iron or steel 284 

rules for determining sizes and lengths 234-236 

sizes rolled (see also Rounds) 16 

stiffness of 240-241 

working formulee for continuous 237 

" proportions for continuous 238-289 

SHANKS required to form head of riTCts 263 

SHAPES, miscellaneous, dimensions and weights . . . 14 

SHEARING, strength of iron and steel . 234 

SHEARING, bending and bearing values of plos 244-S45 

and bearing values of bridge rivets 264-266 

SLEEVE-NUTS, sizes of 248 

SPACING floor beams of I beam sections 80-t6 

SPECIAL ANGLES, weights of 12 

SPECIFIC GRAVITY, iron and steel 21 . 

SPECIFICATIONS for railroad bridges 260-279 

SQUARE BARS, sizes 16 

weights and areas of 306-S07 

SQUARE ROOT ANGLES, weights of 12 

SQUARE ROOTS, cube roots of numbers 310-329 

SQUARE PILLARS, safe loads of 288 

SQUARES AND CUBES of numbers . 310-329 

STEEL, analysis of 18 

columns, round and square • . 178-181 

ductility 18 

elasticity of rolled 18 

elastic limit 18 

expansion by heat 21 
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